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MIMICRY IN PLANTS. 
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subject of so-called " MimLcry " in the animal kingdom 
has recently attracted no small share of attention both 
from naturalists and from amateurs. The phenomena included 
in the term are indeed such as, from thefr singularity and 
their apparent mar\'ellousnesB, cannot but captivate even the 
most dilettarkte student of Nature. Mr. Bates, in his " Natura- 
list on the Amazons," may be said to have first introduced the 
subject to the notice of the general public. Mr. Triraen has 
recorded, in the- "Transactions of the Linnean Society," some 
remarkable and beautiful instances among South African Lepi- 
doptera ; and Mr Wallace, in his delightful " Malay Archi- 
pelago," has done still more to arouse the interest of even the 
most unobservant reader. Some of the imitations depicted in 
the illustrations of the latter book are, indeed, simply wonderful. 
The object of this singular mimicry is considered, by those most 
conversant with the subject, to be a certain amount of protec- 
tion gained by the " mimicking " species, through its superficial 
resemblance, thua acquired, to another species, which enjoys, 
for some reason, special immunity from the attacks of enemies, 
or to some inanimate object. Whether this explanation is 
supported by a careful examination of the facts it is not now 
my purpose to inquire, the subject having been ably debated 
elsewhere. This resemblance occurs sometimes between species 
belonging ta one femily or order, as between one butterfly and 
another ; sometimes between forms much more distantly related, 
as between a fly and a bee, or an ant and a spider ; sometimes 
between animals and inorganic objects, as between a caterpiUar 

id a twig, or an insect in the perfect condition and a decayed 
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leaf. The superficial resemblance is occasionally bo close, and 
carried into Kuch marveHously minute details of structure, that 
1 the ejes of practised entomologists are deceived, as it is 
supposed those of the natural enemies of the animal are. 

Two explanations, and two only, have been offered of the 
origin of this " mimetisni," or "protective resemblance": — 
natural selection and hybridisation. Mr. Darwin, Mr. Wallace, 
and Mr. Bates advocate the former view, maintaining that the 
resemblance la broiight about by exceedingly alow gradations, 
each small variation in the direction of the species ultimately 
mimicked being perpetuated to the prejudice of the offspring 
which do not thus vary, by the operation of the law of " The 
Survival of the Fittest." This theory commends itself, on its 
first enunciation, fi-oro its beauty and simplicity, and has been 
eagerly adopted and zealously defended by the ultra-Darwinians 
who form the bulk of our rising naturalists. That this expla- 
nation is, however, not so free from difficulty as its advocates 
have imagined, has been shown by several recent writers, and 
especially by Mr. Mivart in his very able " Genesis of .Species," 
although he has not offered any definite counter-hypothesis. 
The theory of hybridisation has found an advocate in one 
able and experienced naturalist, Mr.- Andrew Murray, but ha* 
not met with general acceptance, and, in addition to other 
objections, is obviously inapplicable, at all events, to the cases 
of the imitation by animals of inorganic forms. 

That similar curious resemblances have not hitherto been 
described in the vegetable kingdom, is mainly because they 
have not been looked for with the same zeal ; and no doubt 
also arises partly from the much greater difficulty of preserving 
the outward appearance of plants than of animals. The exte- 
rior covering of most animals, and in the case of insects the 
whole of the body, is comparatively easily preeer\-ed, without 
loss of eoloiu- or form, in museums or cabinet^. We have no 
such method of preserving the tenderer parte of plants ; and, 
with respect to the colour and form of tlie natives of txofncal 
or unexplored regions, have to trust greatly to the very unre- 
liable fidelity of artists, very few of whom have any accurate 
scientific knowledge. Since, therefore, the most remaritable 
developments of both animal and plant life occur in the wild 
luxuriance of tropical countries, it is only the few who have 
had the good fortune to travel in those regions who have much 
practical opportunity of studying the phenomena we are dis- 
cussing, except in the case of the few species that have been 
cultivated in Europe. The only work that has come under my 
notice in which the subject iE discussed, is a little hook pul>- 
lished in 1869, by Mr. L. H. Grindon, entitled "Echoes in 
Plant and Flower Life," and he has avowedly not treated it in 



jmnrar is plawtb. • 

a tbratific manner, but bas collected together a large Dumber 
of cvriow and interestinj^ facts for others to draw their conclu- 
nou from. At the laat meeting of the Britiah Association at 
Edinbtu^h, Professor Thirtleton-Dyer read a short paper with 
litis title, but it is very far &om exhausting the subject. The 
RDton to the eoir4e» of the Linnean Society for the last two 
yeua hsTO also been attracted by the collections exhibited by 
that mnnificent patron of horticulture, Mr. W. Wilson Saunders, 
of w-called ** mimetic plaute," consisting of pairs of species 
ynnm Mm g one another in their foliage or habit to bo extra- 
ontinary » degree — and yet belonging to entirely different 
Batonl orders — that even a good botanist might well be ex- 
coied for psseing them over as identicaL* 

Before allading to the theories which have been broached on 
the sabject, let us examine the facts which may be collected, 
asd attempt to classify them. The resemblances among pinnttt 
•offi<dentty close to deserve the appellation of mimicry may be 
elaised under two heads: — those which relate to the whole 
baUt and mode of growth, and those which refer to the de- 
Teioptneot of some partinilar organ or part. 

Taldng first the former of these classes : there are a niunber 1 
ofbitta which are &miliar to every student of botany, and ei 
to cWDal obeervers. Every one knows that to a certain extent 
tbt awemblage of characters which we call the habit of a 
plant becomes changed by the circumstances in which it grows. 
A tree in a warm genial climate becomes a dwarf shrub when 
aipoeed tu the bitter cutting winds of northern latitudes; an 
amual in a temperate changeable climate becomes a perennial 
i^wo tjansplanted to a tropical country where there is no 
iHenMtiMi of summer and winter. Hence the general features 
vhicll chaiacterise what iiave been termed the phyto-geogra- 
(tieal regions of the earth ; the absence of trees, and the 
prostrate shrubs with a peculiar tortuous and compact habit of 
gnwtli of the Arctic zone ; the green pastures, showy flowering 
anaoal herbs, and deciduous forests of temperate latitudes ; 
the shiny-leaved evergreen forests and profusion of splendid 
climbers of the tropics ; and the scanty thoruy or succulent 
if^etatioa of the deserts. Under peculiar conditions all plants, 
DO matter to what class they belong, or how remote their 
lelfttionebip, hare a tcDdency to assume a certain resemblance 
m exteroAl featuree. Plants growing in running water, whether 
lowering or flowerlesa, EanuTicukis or Mifriophytkim, Chant 
or Potaiinogeton, have the submerged leaves long and filiform, 

* Tn the couitoij of Mr. Saunders and of tus very iatelligent gardener 
Mr. Green, wbo hu pud special attestioti to Itis aubject, we are indebted 
loi Uio bcUily for makiog aeveral of the dravings with which thia paper 
bOloitnled. 
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or cut into Blender dii'isiona. Maritime planta growing vitliin 
reach of the salt spray are apt to become dwarf and fleshy in 
their habit; and the aame remark applies to those which 
grow on exposed mountain summits, where they are liable to \ 
severe though short droughts during the brief but intense ' 
summer. In arid desert situations this feature of the vegeta- 
tion ia Btill mor*; remarkable. Our yellow and white stono-crops, 
witli their round juicy leaves, lovers of rocka and dry walls, 
are replaced, as we go farther south, by larger species of the 
name order, or by the similarly disposed Ficoidetp, as the pretty 
little Metiembryanthemv.m, n'yBtallinv.m, the ice-phmt of oiir 
greenhouses, which refreshes with its cool foliage the borders 
of the desert in Egypt, and elsewheie in North Africa. Many 
ordere of planta, indeed, occurring with us only as ordinary 
herbs or slender shrubs, are represented in those coimtriea by 
genera of auccident plants, great favourites in our greenhouses, 
whose affinity it is hard to recognise. 

One of the most remarkable features of the hotter and drier 
parts of America is the abundance of difl'erent forms of Cactus, 
so much cultivated in this country for the beauty of their 
flowers and the singular weird form of their trunks, which 
perform the functions of both 8t«m and leaves. Having ita 
head-quarters in Mexico, the order extends as far as the tempe- 
rate latitudes of Chile and Canada, and includes, on a moderate 
computation, at least one thousand species. In Africa the 
order is entirely absent, or rather its absence is made more 
conspicuous by the occurrence of a single species of Rkipaali«. 
at the Cape ; but ita place is supplied by another class of planta, 
the Euphorbias, a genus represented in this country by seve- 
ral inconspicuous but familiar weeds known as Spurges. In 
tropical and subtropical Africa the genus assumes the habit 
and general appearance of the absent Cacti, though in their 
botanical affinities they are nearly as remote a^ two orders of 
plants can well be. Except when they are in flower, it is, 
indeed, diflBcult to believe that these African Euphorbiaa are 
Qot in reality Cacti; and the resemblance ia not merely a 
general one ; particular groups, and even species, of African 
Euphorbia imitate particular groups or species of American 
Caclue in the form and habit of the stem and the arrangement 
of the spines, so that it is almost impossible to distinguisli 
between them. This singular imitation is not, moreover, 
confined to these two families. The accompanying illustration 
(Fig. 1), reminding one irresistibly of a familiar Cadus, is drawn 
from a species of Stapelia, allied to S. kirteuta, belonging to 
the order Asclepiadacese, a near ally of the brilliant and fragrant 
Stepkaiiutis and ffoya of our stoves, and equally remote, in any 
system of classification, alike from the Cactaceas and the 
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Euphorbiaces. Additional ioBtances of close peneral resem- 
lilaiice in habits of plants destitute of the slightefit structural 
affinity are afforded by Hawortkia, a genus of Liliaceous, and 
Eclieverioy a genus of Craesulaceous plants, the former allied to 
the lilies and aloes, the latter to the stone-crops ; and by Figs. 
2 and 3 in our illustration, representing a Cactaceous (Rkipaalia 
ftinaiis) and a Euphorbiaceous plant {Euphorbia TirucaUi), 
the one from tropical America, the other from South Africa. 
Multitudes of others might have been adduced equally striking. 

If we now pass from general to special resemblances, we find 
ourselves entering on a still more extensive field. Granting 
the Darwinian or Lamarckian theory of the descent of allied 
forms from a common ancestor, and their gradual differentiation 
from one another, a wider margin of separation, as far as mere 
external and less important characters are concerned, appears 
to be allowed to near relatives in the case of plants than of 
animals. The same genus of plants includes frequently species 
much more widely divergent in habit and in all superficial 
features than ever occurs among animals. Hence far more 
play is given to a species to simulate the appearance of another 
Bpecies of acme very remote genus, as is often indicated in the 
specific names of plants : Polygonum Convolvulus, Solanum 
jaaminioUles, Osmanthus ilicifoUua, &c. To such a height in 
even minute details is this resemblance often carried, that the 
moat experienced botanist has sometimes referred a plant, on a 
too cursory examination, to a genua or even natural order with 
vhich it has no affinity whatever. Thus Sir Wilham Hooker 
is said to have actually figured a Veronica aa a Conifer ; Kunze, 
a great authority on ferns, considered the curious Stangeria 
paradoxa, a Cycad, allied to the Conifers, as a true fern ; and 
Dr. Berthold Seemann speaks of having, in the Sandwich 
Islands, met with a variety of SolauuTii NeUoni, " which looked 
for all the world like Thtnnasia solanacea of New Holland, a 
well-known Buettnereaceous plant of our gardens, the resem- 
Uaoce between these two widely-separated planis being quite 
U striking as that pointed out in Bates's ' Naturalist on the 
Amazons ' between a certain moth and a humming-bird." • 

Less striking instances than this are familiar to all who have 
made plants their study. The pseudo-papilionaceous flowers of 
the Cape species of Polygala have deceived many a young 
botanist. The flowers of MeseTttbri/anthemuni. remind one 
irreaistibly of the compound capitula of Compositte, The re- 
markably fern-like foliage, extending even to the dichotomou sly- 
forked venation, of the hardy Conifer Salieburla a<.liantifolia, 
is well known to all arboriculturists. The so-called Fungus 
mdUejisiB of Malta is in reality a flowering plant belonging to 
r's Chronicle," June 27, 1808. 
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tbe order Balai]ophorea>. The reeembl&nce between the true 
leaves of the Eucalypti, or gum-trees, and tbe dilated petioles 
or phyllodia of tbe Aftmoflcc, both presenting their edges instead 
of their surfaces to the sky and earth, and both abundant forms 
of trees in Australia, is very remarkable. The development of 
ascidia or pitchers &om the leaf-stalk or leaf itself occurs Qot 
only in the American Sarracenia and Darlingtonia and the 
Asiatic Nepenthes, belonging to orders at almost the opposite 
poles of flowering plants, but in Rosacece, Asclepiadacese, and 
several other natural orders. The singular irritability of the 
leaves of the Mimosa pudica, or sensitive plant, and other 
species of Leguminoase, occurs again in another order of very 
little structural afflnity, but presenting c\moua analogies in its 
folioge, the Osalideaa, or wood-sorrel order. Dr. Hooker 
describes and draws, in his "Flora Antarctica," a most singular 
species of CeUiha Rallied structurally to oiir marab-marigold), 
whose leaves are almost an csaut reproduction of those of tbe 
DioHcea muadpula, or " Venus's fly-trap." In the collection 
of Mr. Saunders is a species of olive, Oiea iUci/oiia, and a 
variety of the common holly, lUx aquifol-mm, var. macro- 
dfrpurn, in which the resemblance is extraordinarily close, not 
only in the shape of tike leaf and of the spiny teeth, but in the 
very arrangement of the principal veins, and even in the tex- 
ture and colour. Pairs of leaves exhibiting as close resemblance 
may be composed of an AnemOTte (RanunculaceeB)and a PeUtx- 
gonium (Geraniace£e), a Gnaphaliutn (Compositaj) and a 
Lavandula (LahiatjE), an Oxalw (Oxalideee) and a Crotalana 
(LeguminosEe), a Gentixina (Gentianacea>) and a Vcrainiiin 
(Melanthaceie), a GrevUlea (^Proteaceie) and an Acaciti (Legu- 
minoBBp), a carrot (Umbelliferip) and a Pelargonium- (Gera- 
niacese), and of a Thujopais {Conifers) and a SelagiiielUn 
(Lycopodiace^) ; the last pair comprising a Soweriiig and a 
cryptogamic plant.' 

Nor are we confined ia the leaf for the recurrence of the 
same type in widely separated families. The peculiar mode of 
dehiscence of the anther to allow of the esc.ipe of the pollen 
known as "opening by recurved valves" occurs in the Berberi- 
daces?, in the Lauracese^ and in a single tribe of Combretaceie. 
The pollen grains covered with spiny prominences are found in 
Malvaceae and in some Compositir. Unt far more curious and 
striking than these is a remarkable recurrence in several 
orders of an almost identical external appearance of the &uit. 
Any indehiscent fruit with a broad membranous wing is called 
by botanists a *' samara," of which we have instances, among 
our own forest-trees, in the elm, the sycamore, the maple, and 
the " keys " of the ash. Figs. 4 — 7 represent the form assumed 
* Seecomi)letelirtgln''Natnre,"M«y20,1670, andMay 4, 1871. 
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by the samara in four genera, belonging to three distinct natural 
ordeiG, all large Bhmbs or trees, natives of Brazil. A single 
genus of Polygalaceie, the Securidaca, chiefly inhabitants of 
Tropical South America, but extending abo into Africa and 
India, is distinguished by its remarkable winged fruit, varying 
somewhat in different species, one of the commonest of which is 
represented hy Fig, 4. In Figs. 5 and 6 are delineated the similar 
samaroid fruits of two species belonging to diflFerent genera of 
the order Pbytolaccacese, and having therefore no genetic aifinity 
whatever with the first. Fig. 7 again is an example of the 
fiiiit of a Heteropterys, a genus of MalpighiaceEE^ comprising 
u large mimber of species, also mostly Tropical American, with 
a few representatives in Africa. This order is again equally 
dissociated from both the preceding ones. It will be remarked 
that not only the form of the wing, but its very texture and 
the arrangement of the veins, are reproduced most accurately 
in all the species, a dissection of the fruit alone showing their 
essential difference in structure. So close indeed and deceptive 
is this resemblance when the plant is not in flower, that the 
very specimen of the Seguicra from which our drawing ia 
taken, in the Berlin Herbarium, ia labelled by so experienced a 
botanist as Klotzach as Secundaca. ; and Walpers, in liis "Re- 
pertorium," has erroneously described five species of Seipiiera 
as SecuTuUicas. Everyone, indeed, familiar with herbaria, will 
know of similar instanceB. It should be noted also that the sama- 
roid fruit is not characteristic of any one of these three natural 
orders, but only of certain tribes or of single genera. "^VTien 
attention is directed to the subject, a careful search would 
doubtless be rewarded by the detection of a largo number of 
instances of similar resemblance or mimetic analogy in the 
vegetable kingdom, as remarkable, or even more so, than those 
we have here instanced. 

Having now chronicled a few of the facts of this curious and 
interesting subject, I shall be expected at least to attempt 
»ome explanation, or to start some theory respecting them. 
And here our real difficulty commences. Even to arrive at 
the recognition of any one law running through these pheno- 
mena seems, in the present state of our knowledge, impossible. 
In the first place I shall be found fault with for using the 
term " Mimicry " in reference to the subject at all. But I 
mast confess to being imable to see the force of the objection, 
and must continue to consider the series of facts as observed in 
the animal and vegetable kingdoms as essentially parallel. 
Strictly speaking, on etymological grounds, the terra is opea 
to some objection ; /tlfirjvis, " an imitation ; a representation 
by art," implies doubtless a conscious intentional mimicry, 
which we can no more believe in, in the case of butterflies, than of 
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flowers ; or at all events this hypotbeaia is entirely inconsistent 
with the theory of development by Natural Selection only. 
There ia doubtless an apparent object in the one case which we 
are unable to detect in the other ; but this doea nut seem to 
me BufScient reason for giving a different name to the pheno- 
menon itself. 

Professor Thistleton-Dyer objects to the apphcation of the 
term " Mimicry " to the ease of closely resembling plants, on the 
ground that we do not here find the imitative species occupy- 
ing the same area as occurs in the animal kingdom. The 
instances I have given above will show, however, that his 
statement tliat " the resembling plants are hardly ever found 
with those they resemble " is a far too general one. Professor 
Dyer has made a useful suggestion in proposing the t«rms "homo- 
plastic" and " Homoplaay"( first applied by Mr. E.R.Lankester 
to external reaemblanees in the organs of animals) to the class 
of phenomena under discussion. The term is a good one, as 
simply expressing a fact and not a theory, and is free from the 
objection I have mentioned above to the use of " Mimicry." 

One explanation of Mimicry or Homoplasy in plantu that 
has been suggested is that it is due to consanguinity or 
heredity; and a writer in " Nature " has even been bold enough 
to offer this suggestion to account for the resemblance between 
a TkujopBis and a Selaffinella already referred to. But the 
value of the theory of hereditary reversion is entirely destroyed 
if it is strained in this manner. It is true that some botanists 
have traced a genealogical affinity between Conifers and the 
higher Cryptogams; but the relationship is at the best a very 
remote one ; and to attribute the external facies of a Conifer 
to its alliance with a Lycopodium is as wild as to attempt to 
account for the varied colours of birds by tlieir aEBnity to 
insects, or of snakes from their alliance ivith fishes. To be con- 
sistent, this theory ought to be applied to the animal kingdom 
also, and is a hundred times more to the purpose as an expla- 
nation of mimetism among Lepidoptera. We may compare 
with this unnatiual straining of a theory the truly scientific 
manner in which Mr. Darwin applies the principle of heredity 
to account for tlie occasional occurrence of stripes on the hind- 
quarters of the horse from its affinity witli the zebra. If, 
however, hereditary reversion acts as remotely as has been 
suggested, this no more proves the horse to be related to tlie 
zebra than to the liyeena. 

A certain class of general superficial resemblances may 
undoubtedly be attributed to the action of natural external 
causes, to a similarity of conditions of growth ; and to these I 
have already sufficiently alluded. This explanation is, how- 
ever, entirely inadequate in the case of the minute resemblanceB 
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of species to species, either in the general habit, or in the 
development of eome particular organ, the leaf or the fruit, 
such as I have attempted to describe and to represent in the 
illustrations. No conjunction of exteraal circumstances will 
ai-ail to account for these, whether acting through Natural 
Selection or any other known process. 

The theory of Protective Resemblance, so seductive an es- 
planation of similar phenomena in the animal kingdom, is 
also entirely inapplicable here ; it is, in fact, more completely 
inadequate than either of the others. The only manner in 
which it seems possible to conceive that a species of the vege- 
table kingdom can benefit by resembhng another species, is by 
presenting so close an imitation of its flowers, in appearance or 
odour, that it may thereby deceive insects that would otherwise 
,jBes it by into visiting it, and thus bringing about the neces- 
distribution of the pollen. But if such mimicry, where 
is no genetic affinity, ever occurs in the flower, it is 
remely rare. The only instance of such apparent imitation 
that occurs to me is in the case of the iiee Orchis, and perhaps 
one or two of its allies ; and here the mimicry is not of another 
flower, but of the insect itself. It might well be assumed 
it the extraordinary resemblance of the flower of this singular 
it to the body of a bee was designed to attract these insects 
the flower ; but, unhappily for this theory, the Bee Orchis 
_ipearB to be one of the comparatively small number of plants 
that are independent of insect agency for the maturing of their 
seeds. Mr. Darwin, who has closely watched the plant, has 
never seen a bee or other insect alight upon its labelhun ; and 
both he and other observers state that the construction of 
the pollinia seems especially contrived to secure self-fertiliza- 
tion, in contrast to the provisions of the larger number of 
icies belonging to the order. The special specific resem- 
ices, on the other hand, which I have described, are chiefly 
the foliage, tlie fruit, and the general habit, from which it 
difficult to conceive any profit to arise to the species. In 
many cases also the resemblance occurs between plants which 
are natives of countries belonging to entirety different phyto- 
geographical regions, which can never have come into contact 
rith one another. It is just possible that we have a curious 
,nce of protective, or rather of beneficial resemblance in 
tnt, in the case of the carrion-like odour of the flowers of 
tpelia, which attracts blue-bottle and other flies that may 
dst in the distribution of the pollen. 

We seem then, in attempting to discover some explanation 
these phenomena, to be forced back to a view of the opera- 
ins of Nature which has been too much lost sight of by 
lem naturalists. Darwin and Wallace's theory of Natural 
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Selection undoubtedly expresses a great troth, that a Btrng^Ie 
for existence is always going on among the far too numeroof 
offspring of the same pareute ; and that, where no other causes 
come into operation, those of the offspring which possess any 
advantageous difference from the remainder will survive to 
the prejudice of the rest, and will have a tendency to perpe- 
tuate this divergence. When, however, Natural Selection is 
brought forward as adequate to account for the whole history 
of biological evolution, it presupposes the principle that no 
change can take place in the way of the evolution of one 
species from another that ia not directly and immediately to 
the benefit of that individual species ; — in other words, that 
each form of life exists for ita own advantage only. But do we 
not see around us many facta which appear to negative this 
hypothesis? Biological forms have been evolved presenting 
peculiarities of structure, special developments of particular 
organs, not possessed by their parents, but which, as far as we 
have any means of judging, are and can be of no special advan- 
tage to them in the struggle for life. We seem, indeed, more 
and more compelled to the conclusion that we know next to 
nothing of the laws which govern the evolution of species, and 
the development of the marvellously diverse forms of animal 
and vegetable life that suiroimd us. 1 cannot mpelf get away 
from the conclusion that we must attribute the tendency to 
variation which is admitted to be the material on which Natural 
Selection works, to some inherent force belonging of necessity 
to the functions of life, whether aninial or vegetable, which i8 
independent of, and in some sense superior to, the forces that 
govern the inorganic world. Above all. we are compelled to 
recur to the pre-Darwinian doctrine of Design ; and to believe 
that Nature has some general purpose in the different modes 
in which life is rtuinifested, a purpose not in all cases for the 
immediate advantage of the individual species, but in further- 
ance of some design of general harmony which it may take 
centuries of unwearied observation and laborious toil before we 
discover the key by which we may be able to unlock it, 



EXPLANATION OF PLATE LXXIX. 

. Stapelia up. (AsclDpiadaceEe). 
. Rhipsolia fiinalis (Ciwlocece). 
. Euphotbia TiruciJli (Eupliorbtiice*). 
. Fruit of Securidaca lanceolativ (PolygdlacciB). 
. „ „ Segaiera doribundn (PhytoUocscen;). 
.' „ „ Oallema gorazemn (I'hytolflCCBceFe)• 
,, „ neteropterys argyropbtcB (Mnlpighiace) 



RECENT MICROSCOPY. 
By HEXRY J. SLACK, F.G.S., Sec, R.M.S. 



3 object of the following Paper is to select, from records 
of the microscopical work of 1871, aome matters of the 
lost general interest, giving preference to topics which either 
surest inquiries many readers can easily follow, or throw light 
npon well-known questions that have not hitherto been settled. 

First, let us notice various attempts to elucidate the struc- 
ture of the scales of butterflies and of other insects, which, 
although not belonging to the Lepidoptera, are furnished with 
scales of a similar or identical character. 

Scales appear on various parts of insects besides their wings, 
and in many oases it ib not difficult to show that the hairs of 
insects are similar structures to scales, both being modifica- 
tions of the skin. Insects' wings must not be confounded with 
those of birds, thougli both are instruments of flight, acting 
upon the air in a similar manner. In the case of a bird, it is 
obvious that when the feathers are removed we come to a struc- 
ture of bone and muscle, and it ia the skin that gives rise to 
%-ariou3 kinds of feathers, that have a most important part to 
play in enabling a bird to sustain and giude itself in the air. 
The wing of the insect is an extension of the skin or integu- 
ment covering the body, sufficiently hardened to bear atmo- 
spheric resistance, and strengthened by ner\-ures that, although 
possessing none of the structure of bones, act in a mechani^ 
way to give firmness and support. With insects, the scales 
and hairs are evidently related to similar appendages of higher 
creatures, but the wing feathers or scales of the insect do not 
assist flight, like those of the bird. Tliey are an ornamental 
covering, probably of some use in protecting the membrane 
from which they spring, and on which we find them arranged 
like tiles on a roof ; but the flying power of an insect does not 
seem impaired when numbers of them are rubbed off. By their 
beautiful aspects they make, according to Mr. Wallace's obser- 
vations, males and females mutually attractive, and they are 
^Bnuentlj the means of disguises that enable their possessors 
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to escape notice of their enemies, as when a leaf-like butterfly 
perches on a twig, and looks as if it had grown there — one of 
many surrounding leaves. 

These remarks may assist the student in looking for right 
analogies and avoiding wrong ones in investigatmg lepido- 
pteroua or other scales. 

The minute markings of such scales have always been 
favourite objects for the microscopist to display, and some of 
them are still regarded as good practical tests for various 
powers, Among the most difficult to show clearly are certain 
markings on the scales of insecta to which the name of Podura 
is still popularly given, though entomologists now call tbem 
by other appellations. The famous test scales of microscopiste 
come from an insect now named LepUloci/rttts curuicoUis ; 
and since Dr. Pigott affirmed that with sufficiently corrected 
glasses a distinctly beaded structure was to be seen in tbem, 
fresh discussion as to their real nature has gone on mthout 
ceasing, and strong feelings^ as well as reasonings, have been 
shown by many who had perfectly satislied themselves with the 
appearance of the well-known note-of-exclamation marks, bo 
well shown and so lieautifuUy figured by the late Kichard Beck. 

It seems probable that insect scales are essentially composed 
of two membranes more or loss corrugated, forming a sort, of 
quill at the end where their insertion into the membrane takes 
place, and expanding upwards into a sort uf bag, in tlie so- 
called " battledore " variety, and into a flattened plume in the 
ordinary sort. An intermediate membrane has been described 
by some obaer\er8, but this appears only tlie result of a de- 
posit which in most scales takes a more or less beaded form, 
and may combine into a distinct layer iu some kinds. 

Dr. Pigott'a " beads " are by no means inconsistent with the 
existence of corrugations, and the exclamation marks are pro- 
bably true aspKts with a particular focussing and illumina- 
tion, though few observers, who have taken much care in the 
investigation, have for many years supposed them to afford an 
accurate and complete idea of structure. 

The extreme delicacy of the Podura or Lepidocyrtus scale gives 
rise to so much difficulty, both of observation and interpretation, 
that it is advisable to be. guided by analogy drawn from easier 
scales in its interpretation. This plan was pursued by the writer, 
who traced what seemed to be real beads in ordinary and easy 
butterfly scales, through more difficult ones, up to those of 
Lepidocyrtua curi'icolUa. 

Mr. E. J. Mclntire took up the question with great skill 
and with an absence of prejudice somewhat remarkable, in a 
discussion that has excited an unusual amount of strong feeling; 
and whatever ultimate conclusion may be reached, his obser- 



mtioDS and beautiful sketches * will have a permanent value. 
Taking some tscalea from the jumping spidor(5ce?ii(;u8suiitCM8), 
and carefully viewing them with high powers, he found their 
edges " crenated," the " outer membrane " smooth, and the 
"inner membrane," or that nest the creature's body, "puckered 
up into somewhat irregular rows of hackles." Tbia seemed 
like a hint that the interjection markings of the Padura might 
be due to corrugation. In scales of Polyxenus lagitms he 
finmd, what was" very imcommoB," according to his observa- 
tions, *' a deposit between the membrane," and the scale was a 
\-ery solid structiire. Most of his endeavours to detect beaded 
deposits led him to think such appearances were only " ghosts;" 
and it is well known that false appearances of beading are 
easily produced under certain conditions. Mr. Mclntire's ac- 
count of his obsenations and esperimenta scarcely warrants 
his conclusions, for be admits " pigment granules " in scales 
such as Amalthuaia HorsfiddH, figured long since by Mr. De 
hi Hue, and in some others. 

Lieut .-Colonel Dr. J. J. Woodward,of the U.S. army,employed 
his well-known skill in photographing Podrira and other scales. 
In the April niunber for 1871 of the " Monthly Microscopical 
Journal " will be found a paper l)y him, read before the Royal 
""icroscopical Society, in which he says i *' On the coarser De- 
ma scale (D. tloTnestica), I had no difficulty in making out 
ipearances which, bo far as I can gather from Dr. Pigott's own 
scriptions and the published discussions of his views, are sub- 
stantially the same as those seen and shown by him . . .and even 
on the more minutely marked and difficult Lepidocyrtus scjile I 
have been able to develop appearances which seem to be substan- 
tially similar." Dr. Woodward did not, however, pronounce 
any decided opinion as to real structure ; but since the date of 
this paper he has kindly forwarded to the Royal Microscopical 
Society, and to the writer, photographs of Degeeria itomestica 
beautifully exhibiting a beaded appearance. In a communica- 
tion to the Royal Mocroscopical Society, read in May 1871, 
Dr. Woodward speaks of Mr. Joseph Keck having shown and 
left with him a Sine Podura slide, showing the note-of-e.tclama- 
tion marks with remarkable clearness; " but immediately after- 
wards, with the same optical combination and magnifying 
power, without any change in the cover correction, by simply 
rendering the illuminating pencil oblique, and slightly with- 
drawing the objective from its first focal position, he obtained 
ii negative which displayed the bead-like or varicose appearance 
of the ribbing more satisfactorily than he had previously been 
able to do." A photograph of this appearonce may bo seen at 
the Royal Microscopical Society's room. 

• See "Monthly Micnwcopical Journal," Janunry 1, 1871, &c. 
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Dr. M&ddox took up this much controverted scale question, 
and sent a paper to the last-named society in May 1871, ac- 
companied with a series of careful drawings given in the 
' Monthly Journal ' for June. This paper should be referred 
to, and the drawings carefully examined, in order to appreciate 
his work. He took a great deal of pains with chemical sol- 
vents to remove oily matters, and finally made out a ribbed 
Btructure, to which he thought the beaded aspects were due, as 
fine ribs crossing each other would give that effect. It does 
not, however, seem that the eiistence of euch structurefi as Dr. 
Maddox figures negatives the existence of deposita in a more or 
less beaded form, nor do the investigations of Mr. W'enham, 
which prove the reality of surface irregularitiea more or less 
corresponding with the exclamation marks. 

The reader may by this time have had enough of butterfiy 
scales, and we turn to anotlier subject, also entomological — a 
demonstration by Mr. Lowne that the so-called " suckers " on 
the feet of the water-beetle {Dytiecus fiiarrfmaite) are not 
suckers at all, but an apparatus resembling the cushions 
attached to the feet of blow-fiies for exuding a sticky fiuid by 
which the creatures can be sustained in opposition to the force 
of gravity. The cushions, or pulvilli, of the Dyt.iscus and other 
insects seem to have been taken for suckers without any suffi- 
cient ground for such an opinion, and when it seemed a pro- 
bable guess that they and other insects capable of strongly 
attaching themselves by their feet did so by some sort of air- 
pump mechanism. 

Mr. Lowne foimd the pulviUiis of the Dytiscns a mere modi- 
fication of the structure of that organ as seen in common flies. 
He traced in it a secreting sac, supplying a viscous fluid, which 
percolated through " disk-bearing hairs.' He showed that a 
dytiscus, made insensible by chloroform, mechanically adhered 
to the inner glass of the receiver of an air-pump when the air 
was exhausted, and when, if atmospheric pressure had caused 
the adhesion, it must have fallen. Common flies are frequently 
found dead and adhering to window panes, the sticl^ fluid 
having hardened while they were alive and rendered them pri- 
BODers after their decease. Mr. Lowne has noticed in 8ome 
dytisci a loss of tarsal disks, apparently from their having been 
allowed to adhere too tight, so that the insects had to puU their 
legs away without them. 

During the past year niunerous papers have appeared relating 
to the various forms of minute life, somewhat jumbled together 
under the now popular nanae Infuaoria, and, as usual, the 
spontaneous genemtion controversy has continued without ex- 
hibiting auy symptoms of final settlement. Indeed, it seems 
more likely to be decided at last by reasoning from a large 



group of facts than by actual observation. Mr. Grace Calvert, 
in a paper read in May liefore the Royal Society, alludes to 
the great difficulties of such investigations, and he specially 
aignalises those arising from the rapid development of minute 
life under certain conditions. White of egg, for example, 
mixed with water free from life, and exposed for a quarter of 
sn hour to the air in Auguat or September, exhibited life in 
abundance. Even a momentary exposure to the atmosphere 
KeiDS sufficient, as long since pointed out by Pasteur; but 
no one has hitherto been able to detect in the atmosphere 
tliat abundance of divers germs which the followers of Pouchet 
consider must exist therein if the panspermiet theory is true. 
Few would now deny that living forms and their germs may 
exist in a condition so small, or so transparent, aa to elude our 
best instruments ; and it becomes practically impossible to start, 
with establishing the negative proposition, that no lifo or germ 
exists in the materials or the vessels experimented with. One 
of the most interesting of Mr. Crace Calvert's researches 
related to the amount of heat minute germs of life will bear. 
He allowed life to be developed in sugar solutions contained 
in small stout tubes, and then gradually brought them in an 
oil bath to various temperatures. At 212° most of the living 
objects had disappeared, but some small black vibrions and 
three common ones still moved energetically. At 300°, sus- 
tained for half an hour, two ordinary and one or two lalack 
vibrions still moved ; hut at 400° and 500° no life was 
iTsible. The tubes were examined twenty-four days after the 
heating. 

Much mental confusion exist* on these matters from a vague 
use of the terms " life " and " living." If we consider the 
complicated phenomena exhibitecl by creatures enjoying the 
higher forms of life, and if calling them "alive" is a short. 
tray of summing up their properties and actions, and if the 
same word " alive " is used to siun up the snmller range of pro- 
perties and actions of the most rudimentary objects of which 
life of any sort can be predicated, it is obvious that no precise 
meaning ia attached to the term. Notwithstanding Dr. Lionel 
Beale's experiments, we have no reason for assuming that there 
is an abrupt and sharp transition from non-li\ing to li\-ing 
matter, or that life conaiat* in the action of a "principle" upon 
inorganic subRtiincea. We do not know what life is, and the 
less pretension of knowledge that does not exist the better the 
prospects of science will become. 

Various questions of development are intimately connected 
with that of the origin of life, and many of them are much 
easier to study: and the more they are worked out the neai'er 
we may approximate to some logical generalization that ma.N 
conduct us heyoDd the regions open to direct reseatcU. 



Mr. Metcalfe JoIidsoq has communicated several papers on 
these suhjects to the *' Monthly Alicroacopical Journal." Be- 
ferriug to that publication for details, and strongly advising 
that other microticopists should endeavour to repeat and t«et 
Mr. Johnson's observations, it may now be sufficient to state 
that he gives a series of drawings, showing what he believes to 
be intermediate forms betw&en organisms hitherto supposed to 
be quite distinct. Thus he pictures certain amceboid forms 
changing gradually into a paramecium, and he traces the deve- 
lopment of the philodine rotifers from elementary forms. 
" Actinophrys sol," he says, " is only a phase in the life history 
of Amcela." The philodines be regards " aa stages of develop- 
ment of one common form of animalcular existence." Id 
another paper the same writer speaks of various forms of 
monads as being transitions to such creatures as Koipoda Cu- 
cuUus. It is of great importance that such statements shoold 
be experimentally investigated by other microscopists. 

Among the recorded discoveries of new species during the past 
year is that of a very curious rotifer described by Dr. HudEoo 
to the Royal JVIicroscopical Society in September, and figured 
in the Journal. He names it Pedalion mift-a. It [is re- 
markable for a prominent limb acting as an oar — whence ite 
name — and in general appearance it suggests the idea of 
resemblance to the wat^r-fleaa. Dr. Hudson will, it is hoped, 
be able to furnish more detaib another season conceruiug its 
internal structure. At present he ia satisfied that it is a rotifer 
with "six legs," and its crustacean appearance suggests that if 
sufficient specimens are found for complete examination, it may 
strengthen the views of those who have thought rotifere nearer 
the crustacean than the annelidan group. 

Professor James Clarke, of Pennsylvania, described in 1861 
some very interesting infusoria roughly resembling in form 
vorticellids, surmounted by a delicate transparent glassy funnel, 
and furnished with a flagellmn or whip filament ; and Mr, W. 
Haville Kent has been so fortunate aa to find them in a pond 
at Stoke Newington. The new forms are named Cadosiga, 
Salping^ca, Ricosceca, and Anthophysa. They were succinctly 
described by Mr. Kent to the Koyal Microscopical Society in 
November, and will be found in the reports of their Transactions.' 
Careful illumination and good objectives seem necessary to see 
the " hyaline collar " or funnel and the slender whip distinctly. 
When warmer weather arrives, ponds in various localities should 
be diligently searched for these interesting and beautiful 
objects. 

Some papers concerning fungi which have been written 

* " Montlily Micitiscopical Journal," Dec. 1871. 
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during the year r«|uire notice. Mr. Jabez Hogg took up the 
question of the diseases said to he caused by a fungoid growth 
in India, and well known as the " Fungus Foot." The conclu- 
sion be arrived at was that the funfjiia was not the cause of the 
disease, but a growth taking place in dead matter suitable for 
its development. 

In F'rance considerable annoyance and alarm, as well as in- 
tt^restjwas excited in the summer by the appearance of a yellow 
fungus, whiph has been named Oidium aurantlacam, in the 
" munition 'bread " furnished to the French soldiers in Paris. 
This fimgus produces orange-K;o loured spots on bread, and was 
first recognised byM. Payenon its appearance in bread supplied 
to French soldiers some thirty years ago (1843). A small 
portion of bread atBicted with it is sufficient to inoculate any 
quantity. The precise cause of its appearance at iincertain 
intervals is unknown, and forms one of the subjects to be inves- 
tigated by a commission to whom the whole question has been 
referred. M. Decaisne stated to the French Academy that he 
met with bread affected by this oiVZ(Mm(if such it is to be called) 
in Italy in 1862, at a place named Radicofani, and the landlord of 
the inn told him that it was the second time it had appeared 
in ten years. The first time, he said, it had not disagreed with 
anybody who eat it, but on this occasion he considered it had 
made one of his servants ill, and M. Decaisne found him suffer- 
ing from vertigo, which an emetic removed. 

M. Gaiithier de Claubry stated that he had found bread simi- 
larly aU'ected in 1831, at Chartres. with a fungus he considered 
uredo rubigo ; and in 1842 ho saw the same vegetation on the 
munition bread of Paris. He also discovered spores of this 
fungus in the wheat employed. It is not stated that this fungus 
— whatever its name ought to be — produced ill effects on the 
Paris troops last summer, but M. Decaisne says its action is 
uncertain, and that all loaves that may be attacked should In; 
treated as unfit for food. 

This bread fungus is the more interesting from having been 
one of tlie first, if not the first, of Its tribe that drew the atten- 
tion of observers to the curious and imexpected fact that its 
tporee were not deprived of their germinating power by a heat 
equal to that of boiling water, to wliicli the loaves must have 
been exposed in baking. Should any reader meet with this 
fungus, he should carefully watch its growth, notice its fructifi- 
cation, and sow spores on rice paste and other substances. It 
is probably not a true species, but a variety of soma commoner 
land. 

Amongst miscellaneous matters which cannot now bo morie 
than alluded to, it may be remarked that Mr. H. J. (^artet 
has adduced reasons fvr considering cocolitha as plixats &iUe& 

n>L. i/.— ,vo. sLii, (.' 
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ITie same observer has likewise con- 
F sponges by an interesting experi- 



to Melohesia calcti-ea. 

tribnted to the knowlei _ , _ . 

inent. He fed a marine calcareous sponge with indigu, esumiuod 

it at the moment, and then preserved it in spirit, where he saya 

'•it now shows all the cells ( monoeiliat«d) with the cilium 

attached, and the indigo still in the cells." 

From Professor Norris, of Queen's Cullege, Birmingham, we 
learn that not only do blood corpuscles pass through the walls 
of blood-vessels, as previous observers had seen, but that some 
eiplanation may be offered of the puzzling fact of their doing so 
without the prerious existence of apertures, or any trace thereof 
after tliey have passed through. He arrives at the following 
generalization : That a rigid or plastic body can pass through 
a colloid film, if there is, first, an intimate power of cohesion ; 
secondly, a certain amoimt of pressure from within ; thirdly, 
power of the substance of the film to cohere to the surface of 
the body, or to some intermediate matter which already coheres 
to the surface during its passage ; and fourthly, cohesive plas- 
ticity of the particles of the material of which the film itself is 
composed, so that the breach in it may again become united 
as it descends upon the opposite surface of the body which ia 
being extended. This is a view of the matter that requires to 
be supported by experiments with colloid films. 

The mode in which silica is deposited in various plants, and 
especially in diatoms and otters, which exhibit that mineral in 
regular patterns, has engaged the writer's attention, and be 
regards it as probable that the deposit usiially takes place, not 
from the decomposition of &n alkaline silicate, as usually sup- 
posed, but from a solution of pure silica in the colloid state, 
dissolved by rain-water. Snch a deposit taking place slowly, 
through a plant membrane or on its surface, might be expected 
t« assume the form of minute spheres, separated or coalescing 
according to the rapidity of the process, the (quantity of silica 
in solution, and the exact nature of the surroimdings. Quick 
deposits from rich solutions would probably lead to coalescence 
in amorphous forms, as seen to a remarkable estent in the bark 
of the curious pottery-tree, where it is found in lumps. If 
these views are correct, it is probable that all diatoms have 
their siliceous skeletons composed of spherules ; and a carefnl 
ftsamination not only of the so-called " costa?," but also of some 
of the apparently plane and homogeneous surfaces of pinuularie, 
lead to the conclusion that such is their structure. The 
flo-caUed "costie" are not solid ribs at all, but curious and 
complicated bcadeil striictiu-es. These views were brought , 
before the Iloyal Microscopical Society in a paper published in i 
the August nimiher of the Joiunal. 
The writer aI»o called attonuon to the modifications of crvs- 
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talline forms produced by dissolving the substance In be 
crystallized in an aqueous eolution of colloid silica, instead of 
in plain wat«r. Figures of the patterns obtained will ba foimd 
ill the Juumal for JIarcb 1871. Objects so prepared are of 
unusuat beauty wljen seen with the polariscope. 

Tbe attention of microscopista should be called to a series of 
papers by Dr. Braithwaite on the structure of bog mosses, 
which belong to the Transactions of the Royal 5Iicroscopical 
Society. They will be found to suggest very interesting obser- 
\'ations conceminfi the minute structure of these highly curioTia 
and exquisitely formed objects, as veil as indications of their 
true place in classification, which is higher than was formerly 
supposed. 

Many subjects belonging to minute anatomy and physiology 
that have been investigated during the year, especially in Ger- 
many, are too technical for popular interotit, but in addition to 
what has been already mentioned, Dr. Lionel Beale's discovery 
and beautiful exhibition of the nerves accompanying capillary 
veaseU well merits notice. Whatever may be thought of por- 
tions of Dr. Beale's reasoning, and of his antagonism to views 
of evolution or development, he stands in the very highest rank, 
if not at the very summit of observers. His skill in preparation 
is quite remarkable, and his employment of the highest and 
finest powers places him in advance of all competitors less pains- 
taking or provided with inferior optical means. Most pliysi- 
ologista will, it ia apprehended, infer from the existence of 
capillary nervea, that they play an important part in controlling 
the circulation thraugh minute vessels. 

M. Georges Pouchet haa arrived at the conclusion that the 
sudden change of colour observable in certain fishes arises from 
the action of nerves upon their chromoblasts, or colour cells. 

In approaching the conclusion of these rcmaiks, which have 

uo preteneions to be exhaustive, the use made of the micro- 

Mcope by Mr. V. Kitchen Parker in his extremely valuable 

and remarkable morphological researches ought not to be 

^^^tt^tted. Morphology is quite a modem science, and throws 

^^^Kong light upon such questions as the origin of species, Dar- 

^^^nian theories, &c. &c. Its object is to traco the earliest 

^^^^'P^*'^"''^ ^""J fonnation of special parts and organs in various 

animals, and to compare parts which are similar in origin and 

position in all tho creatures in which they ciin be discerned, 

iind in all stages of gro\vth. Mr. Parker's attention has been 

recently given to tho development of the skull in tadpoles and 

frogs ; and although an intimate acquaintance with comparative 

anatomy is necessary to follow various details, the broad resnlts 

are as simple as they are instructive. He finds, for example, 

in the tadpole skull iniiicathna of higher types, and cvtu cit 
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bonea belonging to the human ear. He tells us, with the 
authority of a profound and careful obaerver, " that the hlgheet 
type — the human — passes through every stage of morphological 
structure seen in the series beneath ; it docs not stop at those 
stages ; it does not utilise, so to say, the incipient structures 
ready to be so used) but runs rapidly along its own line, choosing, 
as it were, and refusing, until at length the perfect brain is 
obtained. Yet this perfection of parts, this production of a 
creature, who in his lowest attributes is the ' paragon of ani- 
mals,' is not brought about irrelatively to the rest of creation; 
it is merely an electetl cenisutumation of all that is highest and 
best in morphological structure. Does this exclude 'Teleology,' 
or the fitnesa of every part to other parts and of the rest of 
the world ? I think not." 

In the mechanical department of microscopic science, Mr. J. 
F. Stanistreet, of Liverpool, has suddenly taken a high rank. 
Ho constructed a micro-ruling machine to while away certain 
hours of tedious illness, and with this he has made exquisite 
stars and other patterns both on glass and steel. As objects of 
beauty, these micro-rulings possess great interest, and they are 
likewise vahiablc as illustrating some curious optical facts and 
illusions. As Mr. Btanistreet's machine is tigured in the 
" Monthly Microscopical Journal," and as a paper with illus- 
trations will be found therein, describing his exquisite work, 
our readers may be referred to that source for further informa- 
tion. Mr. Stanistreet was quite unaware of the remarkable 
mechanical skill he possesses while other piireuita occupied his 
time. He still thinks his i>erformances easy, though few cotUd 
imitato them. Perhaps some other folks may bo so fortimate 
an to discover tliat they possess special aptitudes which have 
hitherto boon allowed to sleep. Specimens of Mr. StanlBtreetV 
work have been presented by him to the Royal Microscopical 
Society, where they may be aeon, on the introduction of a 
Fellow. 



EXPERIMENTAL RESEARCHER ON THE 
CONTORTION OF ROCKS. 



Br L. C. MIALL, 

CmtiTOK TO THB Leeds Pim.OSOPHIC 



THE geologist is contimially engaged in attempting to repro- 
duce a past world. From footprints be tries to reconstruct 
extinct animals; from accumulated sediments be infers tlie 
course of ancient rivers. He seeks to interpret fissures and 
1 eins, cliffs and valleys, bj referring them to natural agents 
whose mode of operation is comprehensible. In general, from 
i-ffects he reasons to causes. 

No doubt this process is liable to continual eiTor. The 
candid geologist will perhaps admit that, biologists excepted, 
no scientific inquirers have blundered so often and have so 
often been forced to relay the foundations of their labours as 
the students of physical geology. The extreme complexity of 
the phenomena concerned explains the natural tendency of 
geologists to guess instead of demonstrating. 

The only remedy for this source of error is continual veri- 
fication. When we have assigned a cause to any group of 
effect* we must endeavour to show by tangible evidence that 
the cause invoked is actually existent, not wholly conjectural, 
and that it is adequate to the work hypothetically attributed 
to it. 

It needs hardly be said that this process of verification is 
usually tiresome, and sometimes impossible. We cannot always 
imitate-, even upon the smallest scale, operations which have 
played a great part in the history of the earth. Even where 
verification is easy we are too prone to neglect it, and trust to 
assumption or the application of formulae. Our present subject 
of Contortion of Rocks is but one out of many branches of 
physical geology which has been overlaid with speculation, 
while the recorded esporiments are few. 
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In tlais puper I propose to give results of esperiments under- 
taken in the hope of verifying some generally received prin- 
ciples of geology. It will appear, I think, that we can imitate 
succeBsfully — though on the humblest scale — those great bends 
and folds of strata which the geologist studies with admiration 
at Holyhead or Torquay or Fast Castle. 

A thick solid bed of limestone bent to a right angle without 
fracture — how can that phenomenou have been produced? 
Such was the question which forced itgclf upon my notice some 
years ago wlien collecting facts respecting a scries of anticliDal 
elevations in Craven. In a limestone quarry at Draughton, 
between Skipton and Bolton Abbey, I came upou beds of 
rock a foot or two in thickness bent into the figiue of an 
inverted W, The angles were eharp and unbroken. You 
might pass your finger over the apex of one to make sure that 
there waa neither crack nor vein. To what force must wc 
assign this disturbance without fracture of strata once bard 
and horizontally laid ? 

Forty years ago it would hare seemed natural to invokes 
volcanic eruption acting upon plastic matter — to regard such 
folds and contortions as due to the formation or elevation of a 
kind of blister upon the earths smface. But thanks to a few 
experimental inquirers, such as Sorby, Ilodgkinson, and Tyn- 
dall, a niunber of plaxisible suppositious Iiad been swept away 
as fallacies. In ISti? the geologist looked rather to lateml 
preaaure (due possibly to contraction of the figure of the earth) 
as most probably the force concerned, and he did not find it 
necessary to suppose that the distorted rocks had ever been 
plastic. It is true that Sir James Hall assumed that the rocks 
of Berwickshire were ductile when contorted, and Dr. Edward 
Hitchcock, a well-known American geologist, had recently 
maintained that some contorted pebbles in a conglomerate at 
Newport, Rhode Island, must have been as plastic as moist clay 
when they were bent and twisted. But this gratuitous assump- 
tion was soon disposed of. There were a few fossils in 
Draughton limestone, and these were distorted bke the rest of 
the rock. 

Tliis seemed to prove that plasticity waa not a necessary cou' 
dition of contortion. The shells and corals had surely not been 
plastic. Indeed the matrix itself may well have been compact 
rock from the time of its deposition, growing lay the addition of 
hard lumps and shells and films of stony calcareous matter. 

A rigid body compressed without fracture into the figure o{ 
W — ^was this possible ? There is, as I aftcnvards discovered, a 
Boiuce of error In the word " rigid "—a latent hypothesis wliid^ 
turns out to be erroneous. " Kigid " is purely a relative temii 
Stone is rigid in comparison with cU3,\iut i^Wt\c in coi 
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parison with cjist steel. Absolute rigidity is an unknowu pro- 
perty of matter. Let ui select a few examples of what are 
commonly regarded as rigid bodies. Eock crystal, ^lass, calc 
spar, steel and limestone, are surely fair specimens. Yet, 
Tyndall givea instances of quartz crystals altered in tihape by 
pressiire, some of them having yielded along transverse planes 
as if one-half had slidden over the other, but subaeqiieotly 
strongly cemented together by mere apposition and presstire. 
He regards the action of strongly compressed glass upon polar- 
ized light as proof of an alteration in its molecular arrange- 
ment, Mr. Sorby has cited examples of distorted crystals of 
calc spar in cleaved limestones. M. Tresca, in his paper on the 
^ Flow of Solids," read before the Institution of Mechanical 
Engineers at Paris in 1867, gives the result of experiments 
made upon lead, iron, and even steel, and shows that these 
metab behave like liquids when subjected to adequate pres- 
sures. As to limertones and other rocks, I can say from my 
own experiments that they are both elastic and plastic, yielding 
more or less to forces of short dunition, but recovering their 
original figure, while wheu subjected to long-continued pres- 
sures or strains of low intensity they are capable of setting 
permanently in a new shape. 

It is curious to observe how speculation has been misled by 
the notion of absolutely rigid bodies, by the assumption that 
hard rock can exhibit neither an appreciable elasticity nor any 
ductile properties. Sir James Hall, of Dunglass, whom Pn>- 
fessor Geilde has lately styled " the founder of Experimental 
Geology, since it was he who first brought geological specula- 
tion t<i the test of actual physical experiment," investigated 
the subject of contortion with much care. He had previously 
carried out laborious inquiries into the influence of pressure in 
modifying the action of heat. The ciu-ved strata of the Ber- 
wickshire coast had engaged his attention since the year 1788. 
In 1814 appeared his remarks on " The Convolutions of Strata 
and their meeting with Granite."* In this interesting paper he 
describes the local phenomena with some minuteness, and then 
gives the " rude experiment " contrived to imitate the coodi- 
tionfi which he supposed to have obtained in natiu'e : — > 

" Several pieces of cloth, some linen, some woollen, were 
spread upon a table, one above the other, eacli piece represent 
ing a single strattmi ; a door (which happened to be off the 
hinges) was then laid above the mass, and being loaded with 
weighta, ccmtinod it under a considerable pressiue. Two boards 
being next applied vertically to the two ends of the stratified 
mass, were forced towards each other by repeated blows of a 
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mallet applied horizontally. The consequence was, tliat the 
estremiticH were brought nearer to each other, the heavy door 
was gradually raised, and the strata were constrained to aaEume 
folds, lient up and down, which very much resembled the con- 
voluted beds of killas, as exhibited in the craga of Fast Caatle, 
and illustrated the theory of their formation. 

" I now exhibit to the Society a machine by which a aet of 
pliable beds of clay are pressed together, so an to produce the 
same general effect ; and I trust that the forme thus obtained 
will be found, by gentlemen accustomed to see such rocks, to 
liear a tolerable resemblance t-o those of nature." 

The positions which we may now consider to have been estab- 
lished by Sir James Hall's experiments and reflections are these : 
That strata originally horizontal have been ciured and folded ; 
and that the disturbing force hasactod in a horizontal direction. 
His furtlier decision that the force concerned is necessarily vol- 
canic may be questioned, Tlie absence of superficial traces of 
volcanic agency over large areas of contorted strata — the Lime- 
stone district of Craven, for example — is not easily reconciled 
with the \iews derived by Hall &om his instructor, Hutton. 
We must also emphatically dissent from his tacit assumption 
that the contorted rocks must Iiave been " in a soft but tough 
and ductile state." Distorted fossils, crystals, and pebbles can- 
not well have been soft when they were pinched and bent out 
of shape. Nor need we assume such a condition during the 
formation of ordinary curved strata. The mechanical proper- 
ties of limestones and otlier rocks, dry and at ordinary tem- 
peratures, are such as in themselves satisfy the conditions of 
the problem. 

It in natural that early experimenters should fail to perceive 
many important aspects of the questions which they propose t^j 
themselves. A highly interesting addition to Sir James Hall's 
researches on the influence of pressure as modifying the action 
of heat was made by Faraday, who showed that the pressure of 
fifty atmospheres, believed by Hull to be requisite, to prevent 
the escape of carbonic acid from limestone during the process 
of crystallization by heat, is not indispensable. The composi- 
tion of the surrounding gas affects the facility of dissipation, 
and in an atmosphere of carhonic acid, fragments of limestone 
may be crystallized by heat at standard pressure. The student 
of geology will not need to be reminded of the importance of 
this qualiiying consideration in connection with calcareous de- 
posits in recent volcanic rocks. Similarly, in hia contortion 
experiments. Hall stopped short at an early stage. It does not 
appear to have occurred to him that pieces of the very rocks 
whose curvature he was investigating might be made to bend 
permanently by means of the same apparatus employed in 
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mding layers of cloth and clay. TLe omission may well seem 
stiange to us, but an explanation is to be found in Hutton's 
teaching. Uniformitarian as he was, Hutton did not belieie 
that great internal changes had taken place in strata after their 
Fiolidification ; nor did his pupil, when seeking to establish the 
Huttonian theory by direct experiment, think It needful to 
investigate the properties of consolidated rock. 

In 1866 I began some simple experiments, taking up the 
points that had been disregarded by Hall. First of all, I took 
s thiu slab of marble and placed it on the edge of a mantel- 
piece, BO that the end projected. A few books kept the slab in 
its place and then I placed a letter weight of one ounce on the 
free end and left it for some weeks. On testing it by a straight 
edge it was found to be deflected to a trifling extent. Other 
plates of different materials, two or three inches long and as 
thin lis possible, were next procured and subjected to the same 
treatment. But no accurate results were obtained, and the 
form of the experiment was inconvenient, 

Subsequently I tried an improved plan. Two wooden slabs, 
ten inches by four, were fitted together by a hinge so that they 
could be set at any angle from 0° to 180", just as you might 
open a book, keeping the letterpress always downwards. One 
slab was screwed to the table, the other could be adjusted at 
pleasure. The angle made by the two surfaces was indicated 
by a graduated semicircle. Upon the ridge various thin plates 
of etone were placed and attached at one end to the lixed slab 
by heavy weights. The other end of the plate of rock, project- 
ing over, hut not at first in contact with the movable elab of 
wood, was lightly weighted and allowed time for bending. 
The angle of sudden fractiue could be obtained by setting the 
machine at a low angle and forcibly bending down the lamina 
of rock until it touched both surfaces. If it yielded thus far, 
the angle was slightly increased and the experiment was 
repeated. 

This apparatus had some advantages but many defects. The 
mi>st serious was that the pressure exerted at any time was dif- 
ficult to estimate. A weight placed upon a surface of gradu- 
ally increasing inclination exerts a diminishing pressure which 
changes appreciably even at angles of 3° or 4°. It was difficult 
to read the small defiections obtained with any accuracy, and 
the apparatus was liable to disturbance and accident. 

At length I tried the machine represented in Plate LXXX.* 
Here a thin plate of limestone or other rock is screwed down 
to a block / travelling in a horizontal groove k. Upon this 

For the comtructioD of tliis mncLine, nnd for mfiny useful suggestions, I 
indebted to Mr. Tliomns Princp, of liradfonl. 
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descends a vertical plate c, terminating in a hinged knife-edgt* 
e. We get in this way preesure applies! always to the same lino 
upon the lanuna of rock, for -when deflection begins the knife- 
edge inclines forwards out of the perpendicular at its lowur 
edge without sliding over the rock specimen. By puling the 
block / along the groove k perpendicularity is restored. An 
index Til connected with e makes any deriation more apparent. 
When a piece of rock is to be tested, shot is poured into the 
cylinder a, which is in direct eommunjcatioa with the vertical 
plate e, and the pressure is taken by a steelyard or balance. 
The index I is set at zero by the screw i, and its motion along 
the graduated scale enables the obser\er to record with pre- 
cision a deflection of leas than -01 in. If, in adjusting the 
knife-edge, the index ia displaced, it can be restored by this 
screw independently of other parts of the machine. 

With this apparatus I began a long series of observations on 
limestone. Thin plates of various thickness from •! to "05 in. 
were subjected to low but protracted pressures, Experience 
taught the best form of plate and the time required to produce 
a given residt. I succeeded in one case in bending a plale 
•07 in. in thickness to an angle (reckoned as rectilinear) of 12°. 
This took three months to accomplish. On removal from the 
machine the plate cracked near the apes of the angle of de- 
flection in three days, or I should have operated upon it again. 
The pressure was applied so gently and uniformly that sudden 
fracture seldom occiured except when intentionally produced. 
The bent slabs were, however, very fragile, and could seldom be 
kept many days after released from strain, cracks slowly ex- 
tending themselves transversely across the part where the 
deflection was greatest. From this circumstance, which caused 
much annoyance at the time, some useful lessona were learaed. 
Details of the experiments with limestone have already ap- 
peared." It mil now suffice to say that thin plates of moun- 
tain iimost-one (^especially a certain hitumiuous kind, occurring 
in thin beds with partings of shale) proved indefinitely plastic. 
The elasticity of the rock was greater than I had expected, but 
the set or permanent deflection produced by long-continued 
pressures of inconsiderable amount far exceeded what I had 
hoped to find. It may be doubted whether there is any limit 
to the bending which a careful and patient observer can pro- 
duce. I found that magnesian limestones, while usually much 
more elastic than specimens of pure carbonate of lime, were 
slightly more plastic. The two properties are not connected in 
any direct or inverse ratio that I can discover. Some of the 

• "Briiiab jVaaociation Report," 1889; "Qeologicid Magazine," Kovam- 
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" flesiWe limestones " are very difficult to bend permanently. 
One specimen exhibited for many years in a public museum, 
with the two enda supported and the centre slightly depressed 
to show its flexibility, does not present any visible deflection 
when placed on its edge. 

Thin natural laminie of flagstone from the coal measures 
were also tried. Various specimens were selected according to 
their texture and mineralogical character, but none yielded 
important results. It will be seen further on, from other evi- 
dence, that considerable deflection has been unintentionally pro- 
duced in these flagstones, but as yet I have never succeeded in 
bending thin plates more than 8'. Slates of various kinds 
have also proved very intractable, an interesting and not unex- 
pected result. N'o material has yet done so well in my hands 
as carefully cut slabs of moimtain limestone 4 in. x 3 in. and 
-07 in thickness. 

The frequent destruction by spontaneou.s fracture of bent 
plates when removed from the macliine seems to imply that an 
indefinitely protract«d and uniformly contorting force is needefl 
to produce unbroken curvature, such as that on the coa.st of 
Berwickshire. The experiments next to be related tend to 
show that resistance on all sides diminishes the risk of fracture. 
While designed to answer other purposes, the precautions de- 
scribed and the result attained serve to strengthen the opinion 
that unbroken anticlinals and synclinals are only formed under 
considerable weight of superjacent strata. 
Anxious to imitate the natural condition of lateral pressure 
ire closely, and at the same time to preserve welt-contorted 
_ wimens for reference, I tried another method, which ulti- 
mately yielded interesting results. My object was to apply 
presstire to the edges of a slab of stone and overcome the ten- 
dency to fracture by embedding it in a matrix of some tena- 
■' * ma substance. The precaution was especially necessary in 
' I eecond series of experiments. It is easy to see that when 
lection begins the bending force is increased in a high ratio, 
have the pressure acting upon the slab, not as a force 
transmitted tlirough its plane, but concentrated upon the 
middle point, the two halves acting as levers. As the coutor- 
" m proceeds the strain increases rapidly, and in practice it is 
ad that no graduated pressure can be contrived sufficiently 
icate to avoid sudden fracture. 

me such difBculties as these I imbedded thin slabs 
limestone in pitch and fitted them into a cast-iron box, the 
aides of which were removed. One end was cut to allow a 
w to travel through it, and vrithiu waa a. plate of iron which 
.d be moved along by the pressme of the screw so as to 
•bten the ehb within the box. By this meaoft ^iieBSMie ^tsa 
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applied to the edges of the plates of rock, and after a few 
failures the pit?Ii did its work'suffieiently well. I regard the 
mutris of pitch as almost in dispell sahle to success when the 
experiment of lateral pressxire is performed. 

By the process just described slabs 9 in. long have been 
hent until they rose §iD, in the centre. More conspicuous 
results may he expected hereafter. The operations required 
for the production of apparently inconsiderahle deflection are 
tedious and slow, but patience rather than fresh methods seems 
to be needed. The contortions which we would imitat« were 
not made in a day. Nature is as superior to us in resources of 
tlm? as of power. Completer and more varied experiments 
than these are to be desired. Xarger specimens of rock sliould 
be tested, and the exposiu'e should be longer than thin plates 
require. lA'ith appropriate apparatus a series of observations 
as detailed and exact as those instituted by Fairbaim in the 
case of iron and steel might be carried out, greatly to the ad- 
vantage of geologists, physicists and engineers. 

While occupied with this subject of the mechanical proper- 
ties of rocks a number of examples of unintentional or natural 
contortion have come under my notice. 

Not long ago I saw some small casts of the Elgin marbles 
prepared in the form of loug strips of plaster of Paris 2} in. 
broad. These casts had been laid aside for some years and 
had warped visibly. In one case the deflection (estimated as 
a rectilinear angle) amounted to 6°. This led to some experi- 
ments on plaster of Paris. On submitting dry plates J of an 
inch in thickness to the knifo-cdge machine a deflection of 8' 
was obtained in six weeks, and I soon found that this material 
is indefinitely plastic if the strain be gradually applied. It 
would probably be easier to beud a flat plate of plaster of Paria 
into a cylinder than a plank of deal. 

Walking one rainy day past the burying-ground attached to 
a country chapel, I found some gravestones supported horizon- 
tally upon corner pedestals. The flagstone of which the 
monument6 were constructed had yielded towards the unsup- 
ported centres, and there were pools of water standing in the 
hollows. The sculpturing of the inscriptions was too sharp to 
admit the supposition of extensive weathering. The stones 
were quite smooth, and the method of rubbing down the sur&ce 
must have rendered them quite level before erection, 

Shortly aftemards, I saw a flagstaff in a public park resting 
upon a broad flagstone 2^ inches in thickness and supported in 
an upright position by iron ties fixed in the ground at a short 
distance. The weight of the mast I guessed to be about two 
tons. The flagstone at its base was visibly curved, as if it had 
bent beneath Uie weight of the pole. That this was actually 
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the case appeared from the raising of the free edges of the 
slab above the surrounding pavement, which was elsewhere 
&iTly level. But all doubt on this point was removed by 
iiubseqiient measurement. A year and five mouths later the 
centre of the slab had sunk -J^ of an inch more, relatively to 
the ends. 

Again, a friend communicated to me the experience of 
slaters, who find that when by yielding of the timbers the 
Bor&ce of an old roof has become bowed, the tiles are distorted 
to sach an extent that they will not lie 6at upon a new roof. 
Old stone tiles (I do not know whether the same is true of 
slates and brick tiles) are often rendered perfectly useless in 
this way, however sound they may be. It is perhaps imneces- 
aaiy to dte other similar cases. Every observant architect 
and engineer can give from his own experience facts of in- 
terest in reference to the influence of long-continued pressure 
upon an unsupported edge of stone. 

The magnificent instances of contortion sometimes displayed 
in coast sections are certainly more impressive, but perhaps 
less wonderful in reality, than the cases on record of distorted 
pebbles. The unlimited effects »f long pressure are nowhere 
so clearly demonstrated as in the bending of round or oval 
masses of small size. Instances of pebbles elongated in the 
direction of planes of cleavage occur at Llyn Padarn, near 
Llanberis, in the Lake District and elsewhere. But the most 
remarkable cases of alteration of figure effected by pressure are 
those described by Dr. Hitchcock, Mr. G^. L. Vose, and others, as 
occurring in New England. In Vermont, Maine, Massachusetts 
and Khode Island, are found conglomerates where sometimes 
for hundreds of square feet every pebble, whether of granite, 
sandstone, schist or quartz, has been flattened. Occasionally 
one pebble has been driven into another, so as to indent it or 
squeeze it into a semieircular form, yet without fracture. Some 
of the examples figured resemble soft cakes jammed together 
into one mass with unyielding stones, so freely do they curve 
round in layers and adapt their shape to the various lines of 
force. Vet plasticity in auy ordinary sense of the word is out 
of the question. These very pebbles are water-worn and some 
of them cleaved. Xot a few are rolled fragments of plutooic 
rock. (.See Plate LXXX. Figs. 2, 3.) 

The connection between contorting and cleaving force is not 
quite clear. It would seem that when a certain freedom of 
extension is allowed even the most intractable substances yield 
and change their form. But if the compressed mass be 
wedged up so tightly that change of figure is impossible, the 
individual particles seem to revolve upon their axes, aud 
arrange themselves, as uoins would do, with iUelr 'pt'mc\^\ 
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planee transverse to the lioe of preeeure. If the coaditions 
exclude even such change as this, the indestnu.'tible force may 
develiipe itself in other v&ys still less intelligible to ue, and 
reappear aa heat, chemical action, or segregation. Into those 
inqiiiries we neod not now enter. Our W of limestone is ex- 
plained—that is, brought into an intelhgible relation with 
other observed phenomena. 

It would be interesting, though hardly profitable, to pursue 
this subject yet further into the field of molecular philosophy. 
Many attempts Lave been made to resolve various physical 
states into combinations of cortAin hypothetical atomic forces. 
These speculations are sure to recur, and molecular or atomic 
theory will somo day be the basis of all physical science. 
Newton, aa he says, strongly suspected that all the pheno- 
mena of cohesion and aggregation, all the phenomena of 
chemistry and physiology, resulted from the agency of forces 
varying with the distance of the particles- Boscovitch en- 
deavoured to establish a general theory of cohesion upon the 
properties of uuextended atoms endowed with powers of attrac- 
tion and repulsion varying not only in degree but kind with 
the distance, and to such elementary forces he expected ulti- 
mately to reduce the peculiar manifestations of chemical and 
vital change. In our day Sir William Thomson, expanding a 
suggestion made by Helmholz, has sought to show that all 
material phenomena may ^e due to motions created in on 
incompressible, frictionless, universal fluids that the ultimate 
analysis of matter will hereafter give not particles, but 
vortices. As yet these doctrines remain mere imverified 
conjecturea ; the atomic history of the universe is yet to be 
construct^?d. We do not accurately know what takes place 
when a piece of india-rubber is bent or a piece of moist clay 
squeezed into a new shape. Still we are in the way of pro- 
gress when we collect and sift facts, arrange them into classes 
under general propositions, and test those propositions by 
applying them to fresh cases. Hereafter it will be possible 
tx3 apply one principle to ercplain at once the fluidity of water 
and the contortion of rocks. Even now we can group together 
the past and the present, the great and the small. We can 
show that the forces which curved round the Siluriau rocks of 
Wales are still operative, and that the same forces can be dis- 
played and recognised in the lattoratory of the student. 
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EXPLANATION OF PLATE LXXX. 

Fig. 1. Contortion apparatus. 

a. Cylinder containing shot. 

b. Rod connecting a with the vertical plate c. 
dy tL Frame in which the plate c slides. 

e. Knife-edge, hinged on c. 

/. Lron block, sliding in groove h, to which the lamina k is fixed by the 
screwy. 

f . Apparatus for setting the index / at zero in any position of the vertical 

plate. 
/. Index moving over a graduated arc. 
m. Index moving backwards and forwards to show the deviation of e from 

the perpendicular. 
Scale nearly ^ of the actual machine. 

All the parts are iron or steel, except the cylinder a, the rod h, the indices 
and the scale, which are brass. 

Figs. 2, 3. Examples of distorted pebbles in conglomerate at Newport, 
Khode Island, reduced from Memoirs of the Boston Society of Natural 
History, voL i. pi. 17, 18, 



PSYCHIC FORCK AND PSYCHIC MEDIA. 

By J. P. EARWAKER, JXebtom Collbse, Oxford. 



PAET II. 

rnur former article publlslied in the October number of this 
Retiew. we examined the first experiment* of Mr. Crookes 
on I'ayL'hic Force as described in tbe " Quarterly Journal of 
Science" for July 1871, and we essayed to show that those ei- 
periments, whilst ostentatiously called scientific, were in reality 
very for from being so. Wb drew attention to the errors of 
observation with which tbe accounts abounded, the gross inac- 
curacy of the details, tlie ambiguous way in whicli tbey were 
described, and in conclusion, sliowed how so many obvious 
causes of error had neither been allowed for nor even considered. 
Whilst that article was in tbe press further investigations OD 
Psychic Force were in progress, aud the October number of the 
same journal contained a second instalment of experiments on 
this subject. This last article of Mr. (.Vookes* ia a somewhat 
remarkable one in many respects. With genuine modesty he 
begins by comparing himself to Galvani. and also draws a 
parallel between his own investigations and those of the great 
discoverer of Galvanism, and the firat reception accorded to 
each. But no one, we think, whose mind was free from the bias 
of foregone conclusions, would see much resemblance between 
the two series of experiments— Gul van i, who experimented on 
the physiological effect* produced by means of the contact of 
two dissimilar metals, and those of 3Ir. Crookes, who investi- 
gates the phenomena which are produced by a well-known 
spiritualistic medium. Are the two inanimate and dissimilar 
metals of Galvani to be compared to the ever-versatile and 
changeable Mr. Home ? Are the results, which, under all cir- 
cimistances, can be sbtainedbytbose who repeat bis experiments, 
to be compared for one moment to those which depend on Mr. 
Home's state of being at any particular time? Can we, in 
fact, compare certainties with uncertainties, facts with hypo- 
thetical assumptions, or the rigid laws of science with tbe 



PSYCHIC FOBCB AND PSTCDIC UEDIA. 33 

vacillating hypotheses of pseudo-science? And if we cannot, 
why did Sir. Crookes, who wishes to be thought scientific, if he 
Li anything, so compare them ? 

The digression which then immediately precedes the aceounta 
of these new esperiments only shows too clearly that their 
author was almost entirely ignorant of the history of most of 
the previous work which had been done in the same direction. 
Besides this, his expressions contradict themselves : in one page 
he t«lls his opponents, "Remember, I hazard no hypothesis or 
theory whatever ;" and in another he says, " Professor Thury's 
ect«nic force and tny psychic force are evidently equivalent 

terms ; the suggestion of a aiviilar hj'po- 

thetical ner>'ous fluid has now reached us from another som'ce," 
&c. Surely there must be some mistake here. 

After this we come to quite a new phase in the history of 
the Psychic Force experiments. Most of our readers who have 
ever been to law and have had a verdict given against them 
cannot but be aware of the spirit in which they have generally 
received it. The stupidity of the jury, the wrong summing-up 
of the judge, the neglecting of the most important piece of evi- 
dence, &c. — all these details are narrated with more or less 
exaggeration to the sympathising ears of friends. So it is with 
Mr. Crookes. Tlie two highest scientific tribunals in England 
have neglected his papers— the Royal Society has declined to 
receive them, and the British Association has declined to hear 
them. Naturally their author is indignant, and the pages of 
the " Quarterly Journal of Science " are filled with the editor'a 
querulous complaints against his judges. The very letters which 
passed between them are printed, and all is done to expose 
the injustice he believes he has had to submit to ; but still the 
imanswerable fact remains — his papers were rejected, the verdict 
of Science was given against him. And this means something 
more than is at first sight apparent. The names of Professor 
Stokes and Dr. Sharpey, the secretaries of the Royal Society, 
are not names to be lightly pushed on one side. They are the 
names of men whose lives have been devoted on the one hand 
to pure physical research, and on the other to that of pure 
physiology. Who then so competent to decide as to the merits 
of a case which may almost be called one of " physical physi- 
ology ? " and their deliberate verdict and that of the Committee 
went against it. To the British Association Mr, Crookes did 
not volunteer to show any pubhc experiments, all he offered was 
a paper detailing those he had already privately made, and this 
the Committee of Section A rejected, and rightly too ; we have 
bad enough of talk on this subject, we now want public ei- 
jieriments; and withoutthese, papers in every successive number 
of the " Quarterly Journal of Science " will be uaeieas. 

roi~ SI. — yo. xi.ir, d 
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Wfi will now deal with the new experiments themselves, 
we liope that the above digression will he pardoned ua, but 
was forced npon us by reading the vast amount of preliminary 
matter with which the account of them was prefaced. The 
changed condition of these eiperimenta place ua rather, we are 
afraid, behind the scenes. Wo hear no more of Dr. Huggins, 
no more of the " well-known serjeant-at-law," Serjeant Cox. 
Mr. Crookes is apparently left to tight his battle aluoe, a soli- 
tary bero opposing the now fast-uprising world of science. No 
more, alas ! do we hear of accordions floating in mid-air, no 
more do dulcet sounds and plaintive airs proceed from them^ 
alas I the very wirework cage seems to be thrown on one taAe, 
But all is not gone, and we may rejoice to find that the con- 
genial employment of holding Mr. Home's hands and bootS' 
still seems to be deemed a necessary part of a scientific experi- 
ment! These changed conditions raise curious queatiims in our 
mind. Has it at last been suggested to their author that these 
very accordion experiments, of musical airs proceeding from an 
instriunent held in one hand, is a very conmion trick shown at 
country fairs and performed by most itinerant jugglere? We 
Jiave little doubt but that these conjurors could easily explaiQ 
by what " occult " power other than Psychic Force they perifonn 
such scientific (?) experiments. Here is a new field for inves- 
tigation at once opened, which we commend to any man of 
science ambitious of notoriety — "The Psychics of Conjuring, 
or a scientific explanation of the delights of our boyhood, by 
an F.R.S." Unfortunately for us, our education in the mysteries 
of conjuring was strangely neglected, or else we should have 
l)een proud to have answered Mr. Crookes, and, to quote his 
own words, " prove it to be a trick by showing how the trick 
is performed." But we congratulate ourselves that we have 
suggested a source whence this experience may be obtained, so 
that now in the future we shall hope to hear no more of the 
scientific wobblings of an Eiccordion held in the band of a 
Psychic Medium. 

The experiments with the balance and the mahogany boani, 
however, are still continued. Their details, whilst they are 
far too long for direct quotation, cannot adequat«ly be undeN 
stood without a figure, but tbey may be summed np as follows. 
There is the old mahogany board, one end of which is con- 
nected with the self- registering spring balance, but the other 
end now rests, not on the table, as before, but on a knife edge, 
placed some few inches frona the extremity of the board, and 
this knife edge rests on a firm and heavy wooden table. On 
the board, exactly over the knife edge, is placed a large glaaei 
vessel filled with water, into which a hemispherical copper 
bowl, perforated with several* hotea in the bottom, la pland. 
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[ this hemispherical bowl rests in the water, supported at 
d of an ann of aa iron etund, placed some two iuchus from 
t board and uaconnect«d with it. Intu this bowl, inside 
9 vessel, Mr. Home placed the tips uf liis fingers, and after u 
Mule time the balance showed sli^rht dittpla cements. These, 
however — and here is a. very important point — were displace- 
ments in both direetione, upwards and downwards, but it ie 
only to one of these that we are more particularly referred. 
Now, let us examine this experimt-nt very carefully. It is at 
once obvious that any displacement of the centre of gravity of 
the whole system mast produce motion in the board. Any- 
thing, therefore, which tends to change the position of the 
eentre of gravity from this, its original position of equilibrium, 
eaiuea motion in the board which will obviously be registered 
on the balance. But just as the centre of gravity maybe 
thrown either on one side or on the other, so we may get the 
end of the board tilted up or down ; or, in other words, we may 
have what is ascribed to " a dimiaution of the force of gravi- 
tation as well as an increase ! " 

We would wish most forcibly to impress the significance of 
this source of error in this so mnch vaunted experiment on our 
readers, as it is typical of the wholt; set we are criticising. For 
its better elucidation the following diagram is necessaiy : — 



A B is the board resting on the fulcrum or knife edge at c, and 
the end B fixed to a self-registering spring balance. The bowl 
D B we will suppose placed, as it really was, immediately over 
C (although the position is indifferent), and the spring balance 
adjuEted to equilibrium. It is obvious that any displacement 
of the centre of gravity of the bowl will amount to a displace- 
ment of the centre of gravity of the whole system, and it may 
be displaced in two directions. Firstly, let us suppose it dis- 
placed to g. The board A B becomes then immediately a lever 
of the first kind, with one force acting at r, and the other at b, 
and the fulcrum at c. Now, although the distance hc will 
Always be very small, the weig;ht of the bowl and its contents 
is very large, so that the moment will be quite appreciable and 
the movement will be duly magnified at b in the ratio of cb to 
HO. By this motion the end n will rise. Similarly, if the 
centre of gravity be displaced to ff" there wiW be ^He toiw. 
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actiug downwards at K, and which, in like manner, will be ob- 
viouHly maguified at n, butj in this case, the end b iniist fall. 
But, fiince the whole system is originally in equilibrium, that 
is to say, has its weight compensated by supports, it is virtu- 
ally a lever without weight ; so that, tlieoretically, an infinitely 
buiall displacement, and practically, a very small one, would 
be sufficient to cause a perceptible motion at the end b. The 
value, therefore, of the scientific reasoning which would ascribe 
these so easily producible effects to an unknown Psychic Korc« 
may be easily appreciated. It is not the mere fact of placing 
the fingers or even the whole hand in the bowl which neces- 
sarily displaces its centre of gravity, and so it was found that 
at first no effect was noticed, but it was only after some little 
time that motion was observed. There is nothing stated as to 
the surface of the water in the bowl being absolutely level and 
at rest during the experiment, and yet it is evident that this is 
a point of vital importance, since the slightest lateral vibratory 
movement would be equivalent to a powerful discharge u 
Psychic Force. It must also be borne in mind that in such a 
delicately-balanced instrument the mere touching of the side 
of the vessel, whether accidental or otherwise, would produce 
great effects. This then is experiment No. I, the conclusion 
of which is thus naively stated, that " Contact through water 
proves to be as effectual as actual mechanical contact"— a con- 
clusion to which we cordially agree. 

Experiments Nos. 2, 3 and 4 were then tried, to see whether 
any effect would be produced by Mr. Home placing his fingers 
on the stand of the apparatus, a short distance away from the 
end A of the board. As might have been anticipated, it was 
found that effects were produced, but as any tremor communi- 
cated to the stand on whicli the knife edge rested would affect 
the deli cutely-poised board, these esperimeuts are not worth 
much. The results obtained with this apparatus — which is 
certainly much more delicate than that formerly employed 
(although it is open to the objections we have raised) — are much 
less marked than those obtained with his fu^t rough experi- 
ments, for instead of a downward fall of 61b3, we only read of 
one of 5,000 grains, about Iloza. Thus it appears that, in 
proportion as the extraneous disturbing forces are eliminated, 
60 does the disturbance ascribed to Psychic Force similarly 
diminish. Should we then be considered unreasonable if we 
assumed that with the complete disappearance of extraneous 
forces Psychic P'orce would vanish also ? 

Mr. Home now disappears from the scene for a time, and 
another person, a lady possessing similar " psychic " powers, is 
found, and for her a new eet of apparatus is designed. The 
M^me diScultj which formerly occurred in fully deacribing the 
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new apparatus without the necessary diagrams also arises in 
this case. "A piece of thin parchment ia stretched tightly 
across a circular hoop of wood. At the end B of a freely- 
moling lever is a vertical point touching this membrane, and 
at the other end ia another needle point projecting horizontjtlly 
and touching a limoked glass plate, which ia moved along by 
clockwork. The end of the lever is weighted so that it shall 
c^uickly follow the movements of the centre of the disk, and 
these movements are transmitted and recorded on the smoked 
glass plate by means of the lever and the other needle point. 
Holes are cut in the side of the hoop to allow a free passage of 
air to the under side of the membrane." It was tlien ascer- 
tained that " no shaking or jar on the table or support would 
interfere with the results — the lino traced by the point on the 
smoked glass was perfectly straight in spite of all our attempts 
to influence the lever by shaking the stand and stamping on 
the floor." As we read this statement we were very much 
astonished and could scarcely credit it, but thought that it was 
only fair to Jlr. Crookes to test it by an appeal to a very simple 
experiment. A banjo was placed on an ordinary dining-room 
table, with the strings first stretched tight and subsequently 
relaxed. It ia obvious that the membrane in this instrument 
roughly represents the membrane in Mr. Craokes' apparatus; 
but, as wo have only the ear to detect any vibratjnns, the means 
of observation are probably much less delicate in our esperi- 
ment than in his. Yet, with all these disadvantages, it was 
found in all cases that the very slightest tremor communicated 
to the table sufficed to agitate the membrane, whilst walking 
across or stamping on the floor produced a distinct resonance. 
We shall return to the discussion of this point later on, but 
proceed now with the account of the experiment. The lady 
placed her fingera on the wooden stand at some little distance 
(the exact distance is not stated) from the membrane, and Mr. 
Crookes placed his hands over hers in order to det«ct any 
conscious or unconscious movement. In a short, time came the 
result. Presently " perctissive noises were heard on the parch- 
ment, resembling the dropping of grains of sand on its surface, 
and at each percussion the further end of the lever moved up 
and down. Sometimes these sounds were rapid, and at other 
times more than a second apart." Five or six tracings were 
taken on the smoked glass, some of which are given in the 
paper, and the disturbances it will be seen are in all cases very 
small indeed, showing that as the delicacy of the apparatus is 
increased the results decrease. Mr. Home was then tried with 

! apparatus, but he did not touch the board. His 
held over the diaphragm about 10 inches from its 

nd after remaining in this position for about \ia.\? a 
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minute the index at the further coil of the lever was Been to 
move. "The movements were much smaller than in the 
former case, and were almost .entiivly unuecompanicd by the 
percussive vibrations then noticed." The cur\'es traced on 
smoked glass are then yiven, but as we are told that they are 
magnified, and not told how much, for ,any purposes of com- 
parison they are quite worthless. The whole of the obtained 
results, however, show clearly that the disturbances were very 
small. Ijet us now consider what in these experiments would 
be the effect of the acciimiilation of small motions. Everyone 
is aware of the tension which is caused by keeping the hands 
in a constrained position for even a short length of time. The 
hands tremble, and their motion could not but be communica- 
ted to any delicate membrane in their immediate vicinity, and 
this membrane would amplify them and transmit them through 
the lever to the smoked glass. The tremors may easily be too 
insignificant to be detected by other hands placed on tbem, bat 
amply sufficient to agitate the membrane. Again, too, the 
mere presence of a heated body in the air must cause currents 
in that medium ; but the hand is a heated body, and if these 
current* be caused to circulate round a stretched membrane, 
some vibration of the latter is almost certain to occur. We 
by no means assert that the explanations we have advanced ue 
the true explanations of what occurred, but we are surprised 
that cauBes of error bo obvious should not have presented them- 
selves to the mind of any scientific investigator, and have bemi 
duly examined and eliminated. 

It waa from this very ucsati^^factory series of espcrimenta 
that Mr. Crookes drew the following remarkable concluaioB 
(the italics are his) ; " These experiments confirm beyond doubt 
the existence of a force aaaociated in some manner with the 
human organisation, by which force increased weight is capable 
of being imparted to solid bodies without contact." It is, 
however, a canon of physical research laid down by Newton 
that no new cause should be devised to account for phenomons 
which may be sufficiently explained by causes already admitted. 
Until, therefore, it has been incoutestably shown that these 
phenomena could not be produced by known causes, it is un- 
philosophical in the highest degree to explain them by the 
assumption of a hitherto unknown force. Again, we have 
serioiisly to complain of Mr. Crookes when he says that, just 
as in the case of Electricity, " certain conditions are found to 
be essential to the production and operation of Psychic Force, 
and unless these precautions are observed the experiment fails. 
The conditions required are very few, very reasonable," &o., but 
be entirely omits to state what they are. Imagine a man of 
Science describing the extreme importance of conditiuus imder 
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which be wsnU certain experiments to be tried, and not even 
stating what those conditions ajre ; it is really too bad. The 
only condition which apparently seems to us to be absolutely 
necegsary, ii extreme credulity on the part of the experimenter. 

It had been objected to the first scries of Psychic Force 
experiments, that, according to their author's showing, there 
must have been a direct creation of force, aa apparently no 
form of energy was expended in giving the additional weight, 
&c., tc the bodies experimented on. Now, however, we are told 
how this is effected ; it had been anxiously looked for, and tlie 
application of the principle of the conservation of energy to 
Psychic Force is the latest phase in this strange history. After 
these experiments the gifted Mr. Home is to be seen " lying in 
an almost fainting condition un the floor, pale and epeechlesa, 
so that the evolution of Psychic Force is accompanied by a 
corresponding drain on rital force." Now there is something 
about this which is a little suspicious. How was it that such 
marked physiological features were not recorded in the first 
Bet of experiments, which professed to be a scientific, and there- 
fore of necesjiity a full and complete, account of them ? Was it 
only when the necessity for some origin for the force expended 
was pointed out, that Mr. Home's fainting condition waa 
noticed ? Are we to imagine that Mr. Home could, without 
any sign of exhaustion, add Clbs- to the weight of a heavy 
mahogany board, and on another occasion be reduced to a state 
of absolute prostration by doing one-ninth of the same work ? 
Really there is something in this too much for our credulity, 
the thing is too preposterous. We woidd, however, in the most 
friendly spirit suggest to the believers in Psychic Force, that 
Mr, Home should be tenderly dealt with — lie must not be 
allowed to over-esert himself; for what would happen were he 
to expend all his " \ital force " in a moment of imdue en- 
thusiaBm ? Notwithstanding all the numerous " psychics " 
supposed to exist, we are much of opinion that Psychic Force 
itself would cease contemporaneously with the decease of Mr. 
Home ; and on his epitaph would be written : " a Eoartyr to 
science, died of over-exertion of Psychic Force I " 

If we now calmly consider the whole of this second set of 
experiments, there are many anomalies that strike ua. In the 
fijBt place one feature ctimmon to all Mr. Crookes' apparatus ie 
the wonderful degree of stability with which they are endowed, 
We have touched on this point already in our discussion of the 
toad experiment, but it deserves a word or two more. He 

I the experiments were performed iu his own dining-room, 

I with apparatus which was more or Jess improvised from 
rial lying about the house: and yet instruments thus 
-acted, fitted with indices of extraordinary sensibility. Ml 
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to show the slif^hte.st tremor or agitat ioti iimler the moat violent 
tests — such at) stamping on the floor, pressing heavily on the 
table, &c. — to which tliey were subjected. Everyone who has 
ever been engaged in physical research, making use of appa- 
ratus in buildings specially designed to secure stability, perhaps 
the one condition most difficult of attainment, must be sen- 
sible that even imder such circiunstances a moderate footfall 
across the floor will derange a comparatively rough adjustment. 
Therefore, comparing Sir. (.Brookes' experiences in this depart- 
ment with our own, we can riiach but one of two conclusionci 
— either the intelligent tradesman who constnicted Mr. Crookes" 
private residence must have anticipated the great uses to 
which that dining-room would one day be put, and adapted it 
for them, or else the apparatus employed cannot have anything 
like the degree of sensibility that is ascribed to it. Kut we 
think that mucli of what jMr. Crookes has observed, and of 
what he has not observed, may be very easily accounted for. 
In the course of a correspondence on the subject of Psychic 
Force, which was carried on in the " Echo " and other papers, 
we find the following passage in one of his own letters in de- 
scribing a seance (the italics are ours): "In acatrrdance with 
Ttiy usual habit of takinff not^ea, I wua writing ii^tioet (Ac 
whole time.'" If, then, a scientific inquirer delegate the duty 
of observation to his assistants and friends, and confines him- 
self to the useful but more modest function of reporting vrhat 
they tell him, we certainly should not be siu-priscd to find that 
nis narrative recorded much that did not happen, and omits to 
record much that did. Siipposing the inquirer to be gifted in 
the very highest degree with the faculty of accurate and delicate 
observation ; if he is content to adopt as his own the assertions 
of other people, we cannot refrain from saying that lie very 
seriously trifles with whatever reputation he may have earned. 
Nay, he does more than thta, for he publishes as the result* of 
bis own observation, and with the impress of his own authority, 
statements which he may have only received on hearsay evi- 
dence. We must confess, however, that it was with much 
gratification that we read the paragraph which revealed to U8 
this pecvitiar feature in Mr. Crookes' metho<l of inquiry. Of 
his perfect veracity and sincere belief in all that he had written 
on the subject, neither we nor anyone else, we are persuaded, 
ever entertained the slightest doubt. Much that puzzled us is 
now clear, the ambiguity of many of the etatements, which we 
have repeatedly refeiTed to, is now accounted for ; for it is impos- 
eible for anyone to record obeervations adequately unless they are 
his own. We looked in vain at the time for those minute details, 
those graphic touches of deecription, which mark tlie records of 
true personal experience, but now their absence cuases to be 
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Eirkable. There ia yet another side to this question. We 
d not have believed it possible that any scientific man, 
much less one of Mr. Crookes' reputation, would have ventured 
to give to the world, under the title of " experimental investi- 
gations of a new force," the description of phenomena, which 
he did not himself observe. If he chooses thus to make ship- 
wreck of his status in the scientific world, we are sorry for it, 
but that is his affair; we are, liowever, entitled to protest 
against a method of procedure which imposes upon the public 
his formulated credulity in the place of scientific facts. We 
sincerely hope in the future that, should he continue his ex- 
periments, he will give us his own observations, and not be 
satisfied with recounting those of other people. 

Leaving now the detailed criticism of these experiments, we 
would in conclusion deal with the whole subject in a more or less 
general manner. We have been blamed in many quarters for 
what has been called an undue hostility, which verged on 
personality, towards Mr. Crookes. We would emphatically 
deny any such assertion, for whilst we have not the pleasure of 
Mr. Crookes' acquaintance, we have heard nothing which 
should bias our mind either one way or the other. The person- 
alities contained in the last number of the " (Quarterly Review " 
are as objectionable to iia as they can be to anyone, and we 
express our regret if our first remarks on this subject should 
have caused anyone to think that we had had recourse to 
personality and invective instead of argument, But as Mr. 
Crookes stands so prominently forward and has made himself, 
so to speak, the champion of this new theory, we were of neces- 
sity obliged, in criticising these experiments, to constantly 
refer to him. And whilst we have endeavoured to show the 
fallacy of the experiments themselves, so, too, we have thought 
we were not exceetUng our duty when we proceeded to discuss 
the numerous points on which he has neglected obvious pre- 
cautions, and failed to eliminate obvious causes of error. For 
it must be remembered that much was talked at the time 
about the scientific acciu-acy of Mr. Crookes' investigations and 
his position in the world of science, causing more than usual 
attention to be paid to what he wrote. Wo cannot but admire 
to a certain degree the courage which, induced by hia firm 
belief in his own powers of investigation, has caused him to 
become the propagator and defender of what he really believed 
he had discovered ; for, with all his failings, his veracity and 
thorough belief in what he haa written are unimpugnable. 
We could have wished it had been possible for us to have 
discussed the experiment per se, without any reference to 
^^^flieir author, but it was not ao. In such investigations as these, 
^^^Miich border ou the domain of pure physiology, the importance 
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of what has been termed *' subjectivity" is very great. It lies 
beyond our province, however, to enter into any detail on this 
point, but we would refer our readers to the article already 
alluded to in the last number of the " Quarterly Review." They 
will thore find this question discussed from the standpoint of 
Physiology, and will read the arguments which tend to show 
that so many of the phenomena of Spiritualism, MesmeriEin, 
Psychic Force, &c., are in reality subjective and not objective. 
We have only taken up and critically considered certain ex- 
periments which had been brought forward as conclusive and in 
which much confidence had been placed. If by our criticism 
we have succeeded in showiag how far removed tliey really are 
from being conclusive, and how carelessly they were performed, 
our task will not have been in vain. It seems very Strange 
that at the present time, when it is possible to ascertain so 
easily what true physical research really means, that anyone 
could be found to place implicit confidence in experimentfi 
such as we have criticised. But when this is found to be the 
case it behoves those who have had the benefit of experience 
to show the fallacies which underlie such like experiments, 
and to expose their inaccuracies. Fault-finding is never a, 
congenial occupation, but when necessary it should be pursued 
with an imsparing and unshrinking hand. 
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IjUR knowledge respecting the sun h^ increased so rapidly^ 
'■J of late, that it is by no means easy for the astronomer to 
place in their due position all t]ie tacts which have become 
known. Some of these facts are indeed altogether strange and 
unexpected ; they seem almost inexplicable at a 6rst view, and 
the more carefully they are studied the more striking do they 
appear. Quite recently we have received from two different 
sources the narrative of observations which bear in a most im- 
jjortant manner on the interpretation of solar phenomena. 
From Fr. Secchi, of Rome, we receive the records of a long 
and careful series of reseArches, confirming the startling an- 
Douncementfi made by Zoliuer and Respighi, and adding other 
information of extreme interest. From Professor Young, of 
America, we have the account of a single solar outburst, but 
the most wonderful by far that has yet been witnessed, and 
aSbrding highly signiticant evidence respecting the mighty 
forces at work in the sun's globe. 

I propose to consider, here, the bearing of the information 
thus recently obtained, not merely on the subjei^t of the solar 
prominences, but on those questions respecting the physical 
condition of the sun's globe on the one hand, and the nature of 
the corona on the other, which have recently attracted so much 
attention. For 1 conceive that the great fact which is be- 
coming more and more clearly discerned as observation pro- 
gresses is this, that the phenomena presented by the sun's 
globe, or rather by the photosphere we see, are intimately 
associated with the phenomena presented by the solar corona; 
and that the bond of union thus associating the two series of 
tQomena is to be recognised in the processes at work in the 
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coloured envelope,— the sierra or cliriiinaUispbcre> — which may 
be regarded as one of the aolar atmosphereB. We are waiting at 
present for further information on this very point from the 
observers of the eclipse of December 12 ; but beyond all ques- 
tion very clear information was obtained d\iriiig the Mediter- 
ranean eclipse of December 1870. Spectroscopy and polari- 
acopy did not avail to tell ns all we wished to know respecting 
the corona ; and through unfavourable weather photography 
failed in doing what it would assuredly have done had the sky 
at Syracuse cleared round the sun only two minutes earlier. 
In the last eleven seconds of totality, however, one good picture 
of the corona (the first ever taken) was obtained by Mr. 
Brothers; and that picture, besides showingwhat Mr. Brothers's 
method was capable of effecting, gave evidence of the utmost 
importance in relation to the physical condition of the Bun. 
Combined with the spectroscopic charting of the prominences 
by Mr. Seabroke (during the ds-j of the eclipse, but not during 
totality), and confirmed by the photograph taken in Spain 
by Mr. Willardj as well as by the direct observation of the 
inner corona by Professor Watson, this photograph indicates an 
association between the prominences, the inner corona and the 
outer radiated corona, which m.Tist be accounted for in any 
theory respecting the condition of the matter surrounding the 
sun's globe. Wherever the prominences were large and re- 
markable, there the inner corona was brightest and extended 
farthest from the sun, and opposite those same regions lay 
the great radial beams of the outer corona. Combining these re- 
lations with the well-known fact that the solar spot-zone is th« 
region in which the prominences have their greatest activity, 
we see that we are on the traces of a law relating to the whole 
economy of the great ruling luminary of our planetary system. 
Now the study of the solar spots, on the one hand, present* 
difficulties so serious in their nature that we can scarcely 
wonder at the fact that hitherto no consistent theory has been 
put forward in explanation of their phenomena ; and, on the 
other hand, the study of the solar corona is simply the most 
difficult of all the subjects of investigation which the student of 
solar physics can present to himself. Holding a place between 
the phenomena of the spots and those presented by the corona, 
and associating together these classes of phenomena, are the 
phenomena presented by the prominences; and f^e can for- 
tunately be studied in a systematic and (all things considered) 
s satisfactoiy manner. So long as the prominences could be 
studied only during eclipses, it was almost hopeless to look 
to them for information respecting the diEBcult problems of 
solar physics ; hut so soon as a method was devised for exa- 
mining their features when the sun is not eclipsed, the whols 
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^^^bject of Bolar researcli assumed a new aspect. Since that 
aay the progress of disco\-ery has been so rapid an to render it 
difficiilt to believe that the method was first applied only three 
years ago. 

Passing over the first observations of Janssen, Ijockyer, 
rapt. J. Herschel, and tiecchi, and giving less attention to the 
({tiestions of the condition of the prominences as respects tem- 
perature and pressure than to the motions of the prominence 
matter, we find in the work of Zblluer and Respighi the first 
clear intimationtt of the wonderful activity of the glowing va- 
pours Burroimding the suns globe. So far back as the spring 
of 1869, Zollner recognised the action of solar repulsive forcea 
— which he regarded and still regards as eruptive — in casting 
forth enormous masses of glowing hydrogen. In several papers 
he has discussed the evidence he has obtained respecting the 
energy of these forces, arriving at conclusions which were re- 
garded at the time as startling in the extreme, but must now 
be considered as falling far short of the reality. He assigned 
!20 miles per second as the probable velocity of outrush in 
Holar eruptions, and spoke of eighty or ninety thousand miles 
as the probable limit of height to which the erupted matter 
attains before, gradually descending, it spreads itself into the 
Grange forms constituting the cloud-like as distinguished from 
the eruptive prominences. 

Respighi was led to regard the repulsive action of the sun 
as electrical in origin ; but as he agrees with Zollner in regard- 
ing the prominences as solar eruptions, it is a matter of 
comparatively small importance that he considers the force 
producing the eruptions as something very different in its 
nature from the volcanic action believed in by Zollner. At 
the present stage of our progress it is much more important to 
determine the extent and energy of the solar eruptions than 
the cause or causes to which they may be due. Respighi gave 
the following account of the appearances presented by the 
prominences. It is important that his description should be 
carefully attended to, as it supplies independent evidence of 
some of the remarkable observations made by Father Secchi. 
" When there are facula; on the sun there are usually pro- 
minences ; but over the sunspote themselves, though there are 
low jets, there are no high prominences. As respects the dis- 
tribution of prominences round the sun's limb, it is to be 
noticed that great prominences are never recognised in the 
circumpolar solar regions, and the prominences actually seen, 
)>esides being small, are few in number, and last but a short 
time. At the solar etiuator the prominences are less frequent, 
« active, and less developed than in higher solar latitudes." 
B foundthat "the formation of a prominence is usually pr< 
(ded by tlie uppoarance of a rectilinear jet, either vertical 
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oblique, and very bright and well defiDed. This jot rising to u 
great height is seen to beud back again, falliDg upon the sun 
like the jets of our fountains, and presently the sinking matter 
in Heon to assume the shape of gigantic trees, more or less rich 
in branches and foliage. Gradually the whole sinks down upon 
the Bun, sometimes forming isolated clouds before reaching tht^ 
solar surface. It is in the upper portions of such promlnenceii 
that the most remarkable and rapid transformations are wit- 
nessed; but a. great difference is observed in the rate with 
which prominences change in figure. Their duration, also, is 
very variable. Some develope and disappear in a few minutes. 
while othera remain visible for several succeseive days." 

Kespighi agrees with Zijllner in considering that the weli- 
marked bases of the eruptive jets " proves that the eruption 
takes place through some compact substance forming a species 
of solar crust," and also in beheving " that the enormous velo- 
city with which these gaseous masses rusli through the soiax 
atmosphere implies that the latter is of excessive tenuity." 
The highest prominence obseived by Respighi had an elevation 
of no less than 160,000 miles. 

Secchi's recent researches, or the researches he has recently 
completed, result in a classification of the whole series of phe- 
nomena presented by the sierra and the prominences. In the 
first place, he remarks that the sierra or chromatosphere pre- 
sents four distinct aspects. At times it has ii perfectly smooth 
and well-defined outline, and is very little less brilliant at the 
edge than throughout the remaining portion of Ob depth. At 
other times, though the chromatosphere is quite smooth, and as 
it were calm, its brilliancy diminishes outwards so gradually 
that no limit can be distinguished ; more frequently the sierra 
is surmounted by filaments all sloped in the same direction. 
And lastly, and most frequently of all, the chromatosphere has 
an irregular outline, and is &inged with small toogues of flame 
having no specific direction. 

The prominences may be divided into three general orders— 
heaps, jets, aad pHmea. 

The heaped prominences are of three kinds. First, there 
are slight elevations of the corona rarely more than 15 or 20 
seconds in height, and having an outline either diffuse like the 
second form of the chromatii sphere, or Iringed like the tliird 
or fourth furms of that layer. Secondly, there are brilliant 
masses resembling our cumulus clouds. ITiirdly, there are large 
diffuse masses suspended above or attached to the tops of the 
larger prominences. 

Next iu order arc the jets, the moat inteiestiog of all the 
promiuences on account of the evidence they afford of mighty 
i repulsive or eruptive forces. 
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Some of the jets are small, quickly variable in shape, and 
last but a short time. Thej resemble, in fact, as pictured by 
Secchi, a mere development and extension of the irregularities 
seen in the fourth form of the chromatosphcre. 

Next in order are jets such as are shown in fig. 1 of the 
illnstrative plate. Such jets are not oft«n mot with on a great 
scale. Secchi terms them canes. Such cones often extend 
tbemaelvps into curved shapes such as arc shown in iig. 2 ; the 
tnufiformation from the form shown in tig. 1 to that of tig. 2 
occupying only about twenty minutes. Nor is the transforma- 
tion giBdual, but one form passes quickly into the other after a 
short interval of seeming tranquillity. "The luminosity of 
jets is always very great," says Secchi, " their roots being more 
luminous than the rest of the solar surface.* Their appear- 
ance is extremely beautiful : the most splendid display of fire- 
works would fall far short of realising to the imagination the 
m^niticeDt glory of the sublime spectacle they present. Some- 
times the branches fall in the shape of parabolas more or less 
mclined ; at other times they are like the heads of immense 
palms with the most graceful curving branches." In figs. 
3 and 4 of the plat« are shown some of the forms assumed by 
these jets. " The branches," says Secchi, "incline sometimes 
in the direction of the jet, sometimes recoil upon the stalk 
from which they spring. This kind of jet is always compact, 
filamentary to the base, and terminated ut the apex without 
any clear, decided outlines. Their light is so bright that th^ 
can be seen through the light clouds into which the chroma- 
toephere breaks up. T/ii'-ir spectrum i7idicatea bemia) hydrogen 
the presence of many other euhstnmxa." (The italics are mine, 
and I invite special attention to the statement here made by 
Fr. Secchi.) " These I call sheaves. I frequently observe in 
sheaves a great variability in the refrangibibty of the rays " 
{Uiat is, the indications of very rapid motions). " Frequently 
also, when they have attained a certain height, they cease tn 
grow, and become transformed into exceedingly brilliant masses, 
which after a time separate and form fiery clouds. A cha- 
racteristic of sheaves as of the Haines is their short duration ; 
they rarely last an hour, frequently only a few minutes." 

The prominences of the third class — called plumes by 
Secchi — resemble the jets in some respects, but differ from 
them in being less bright, and in remaining longer visible ; in 
having their extremities sometimes surmounted by or resolved 

* Secchi hero rcren, of cauree, lo the appearance presented ia iho npectro- 
teofM. If the jeta were in any pnjl of their extent actuaily hrL)i;hter than 
tfce nm's luifftoe, they would be Tiaible without EapoctroBCopic aid ; which 
baa never happened. 
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into clouds ; in attainiof; to a greater )ieiglit ; and lastly, in 
being Been all round the sun'e limb, wheTM« th^ jrf« ars 
limited to the neighhourhoixl of the spots. 

Plumes are souiotimes simple, Bometimes compound. 8ome 
forms of simple plumes are presented in fige, 5 and 6 (Plate 
LXXXI. ). Amongst otber forma, Secchl notes plumes terminated 
by diffuse clouds, or crossed by two or three sota of clouds, or 
doubled down upon tbemBelves. or attached to a cloud by a 
tail. (Most of these forms have been already described and 
illustrated.) Near the poles, "evidently on account of the 
absence of directing ciurents, they take an almost vertical 
form, with a diffused cloudy summit as in fig. H," Compound 
jets form appearances not readily classitied. Some are reti- 
culated as in fig. 7, an arrangement due to the interlacing of j 
distinct plumes, "Thus, in fig. 8, the masses of streamere J 
diverging from three centres join and form arcades, throng I 
which appear black spaces. Vhen these streamers are more I 
numerous and extended, they appear as in fig. 9, where the ] 
crossing of the threads in all directions produces cornered inter- * 
stices." But where the crossing streamers are diffused the J 
interstices assume an oval or roimded appearance, a^ in fig. 10. I 
*' These masses attain the enormous heights of from 1 50 to 240 
seconds. Their summits are generally very much broken up, 
and strongly resomble the masses of cirro-cumuli which we 864 
at the borders of rain clouds. One fact with regard to them I» 
very interesting ; it is, that however distinctly marked and well' 
defined the separation of the streamers may be at their base, 
after a certain height they become completely mingled with 
each other, and form a mass which appears to be quite unifona 
in structure." 

Sccchi gives some interesting particulars respecting solar 
clouds, — as he terms those nnasses which tloat above the chroma- 
tosphere, fig. 11, Plato LXXXI. "One class of clouds," htt 
remarks, "is produced by the breaking up of plumes ; othen 
appear to be plumes which have ceased to be fed by the cliroaiB' 
tosphere, and therefore become detached. The very curious pbo- 
nomenon is sometimes presented of a cloud suddenly fonninj; 
itself into plumes (figs. 12 and 13), showing that these plumes 
v&a take their origin from gaseous matter, and do not require on 
orifice of projection for their formation. M. Tacchini^ of 
Palermo, has ako made this observation, and wo have both sees 
tbe jet directed downwards like a fieiy rain." 

Secchi's remarks upon the physical distinction between 
plumes and jets, as well as upon the association between pi 
minences and the phenomena of the sun't! surface, are of oxtfei 
interest and importance. " In distinguishing between jets 
]ilumes," he says, "I have no intention to decide as to whethi 
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plamee are not also jets. The real distinction appears to Ix- 
Uiat in jets a part of the photosphere is lifted up, while 
in the case of plumes it is only the chromato sphere which is 
disturbed. It does not appear to be established aa a fact that 
all prominences require an orifice of projection, and still less 
that the height of protuberances can be taken as a measure of 
the pressure which has projected the gaseous stream, since 
plumes have been seen to form themselves in the masses sub- 
pended in the free atmosphere, far above the possibility of a 
liquid origin. The persistence of plumes is very remarkable 
as compared with the continuance of the sheaves. In spite of 
the great mobility of the former, they may be found for two or 
three days in the same place ; towards the poles their oiistence 
lasts still longer. Un the other hand, tlie moat beautiful 
sheaves generally last but a few minutes, in very rare cases 
a few hours. This confirms me in the opinion that sheaves 
are due to a veritable eruption, taking place at a great depth, 
the matter composing them haviuf^ an exceedingly high tem- 
perature, and being propelled with immejtse velocity. The 
presence of jets and sheaves is tlic most certain sign that a 
' qiot is imminent. As to the connection between protuberances 
I aod the faculte, it may be stated that jets, whatever may be 
' their shape, are invariably accompanied by'faculfe; but that 
plumes, more particularly if-they are small, are ofton seen 
where tliere are no faculte. A peculiarity worthy of notice is 
the feebleness of the light from prominences near the pole — an 
I indication, as I have before stated, of less activity and a less 
powerful propelling force. The protuberances, both as to num- 
oer and size, are in accordance with the solar activity as mani- 
fcrtedbythe spots; the fewer the spots the less numerous and the 
Iwa eitensive are the protuberances likewise. The dimensions 
of the protuberances are very variable. The largest that 1 
bave seen for some time have not exceeded four to four aild a half 
miniilts, from which it may be concluded that from the origin 
of their mass, their measure would he at least five to six 
ininutes, being the height assigned by eclipse-observers to the 
Mgbeat part of the corona. The jets are in general not so 
bigh, seldom exceeding one to three minutes." 

It will be evident that Secchi's observations bear in a most 
important manner on the question of an association between 
"IP prominences and the solar spots, though they do not make 
<iBite clear the natm-e of the connection. Further evidence is 
"?''W before wc can be sure that the eruption-prominences are 
'"»ctly connected with the outbreak of spots on the photo- 
1*ere. Now Professor Yoimg's researches have supplied (as it 
stm-. le) jnst the evidence which was required. He has 

leased the cTiiption of matter from tbe auti, wid, W 



has afforded iis the meiiDs of measuring the ene^y of ejection 
and the velocity with which tlie ejected matter rushes through 
the lower strata ofthe solar atmosphere, 

On Septemher 7, at noon, he had been examining wiUi tlie 
telespectroEcope an eoormaus hydrogen cloud on the eastern 
limb of the sun, " It had remained," he says, " with vejy 
little change since the preceding noon," a long, low, quietr-look- 
ing cloud, not very dense or brilliant, nor in any way remark- 
able except for its size. It was made up mostly of filaments 
nearly horizontal, and floated above the chromatosphere with 
itB lower siuface at a height of some 13,000 miles, hut was 
connected with it, as is usually the case, by three or four 
vertical columns brighter and more active than the rest. In 
length it measured 3' 45", and in elevation about 2" to its upper 
surface" (that is, it was 100,000 miles long by 54,000 miles 




high). At liiil!" past tw-flve Prol'cs=or Yoiiny was oalled away 
for a few minutes. At that time, " there was no indication of 
what was about to happen, except that ooe of the connecting 
rtemB at the southern extremity of the cloud bad grown con- 
siderably brighter, and was curiously bent to one side ; and near 
the base of another at the Dortbern end a little brilliant lump 
had developed itself, shaped much like a summer thunder- 
head." 

On returning, though less than half an hour had passed, 
Professor Young found to his great surprise that " in the 
mean time tho whole thing had literally been blown to shreds 
by some inconceivable uprush from beneath." " In place of 
the quiet cloud I liart left," he says. " tlje air, if I may use the 
erpreesion, was filled with flying debris — a mass of detached 
verticat fusiform fragments, each from 10" to 30" long hy 2" 
or 3" wide, brighter and elciser together where the pillars had 
formerly stood, and rapidly ascending. When 1 first looked 
ome of them had already reaihed a height of nearly i^ 1 00.000 
ttiles); and white I watched them they rose, witii a. wution 
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almost petceptible to the eye, until in ten minutes (1 h. 5 m. 
F.K.) the uppermost were more than 200,000 miles above the 
solsT surface. This was aflcertained by careful mcasiirementa ; 
the mean of three closely accordant determinations gave 7' 49" 
as the extreme allitude attained ; and I am particular in the 
statement because, s j fiir as I know, cbromatospheric matter {red 
hydrogen* in thia case) has never before been observed at an 
altitude exceeding 5'. The velocity of aacent also, 167 miles 
per second, is considerably greater than anything hitherto 
recorded. A general idea of the appearance presented when 
the filaments attained tlieir greatest elevation maybe obtained 




tbi:- tiLiioi'iits iL>tfL' tlu'j ;^rudiiaily faded away like a 
dissolving cloud, and at 1 h. 15 m. p.m. only a few filmy wisps, 
with some brighter streamers low down near the chromato- 
sphere. remained to mark the place. But in the meanwhile 
the little 'thunder-head' before alluded to Lad grown and 
developed wonderfully, into a mass of rolling and ever-chang- 
ing flame, to speak accoixiing to appearancc-.i. First it was 

• Fnt. Young probably means that he was obBetving the red image of 

cloud ud ii|jru3hiiig matter — i.e, thti imiigs formed by itiya corrospond- 

to the C-lb« of bydrugua. Father Secchi ra^iitiona thai he Gnda tbe 

imaga (i^, tbe image formed by rays correspoDdiog to the 0-line of 

hydrogvii) lite uoat perfect and the Citltest in details. 
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crowded down, as it were, along the aolax Eur&oe ; later it rose I 
almost pyramidally 50,000 miles in height; thea it^ summit I 
was drawn out into long filaments and threads, which were I 
most curiously rolled backwards and downwards like the volut«a I 
of au Ionic capital : and fiuiilly it faded away, and by 2 h. 30 m. 
had vanished like the other. Figs. 3 and 4 show it in its full 




J 



development : tlic former havin j; lieeii sketched [at 1 h/40 m., 
and the latter at 1 h. 55 m." " " The whole phenomenon," he 
adds, " suggested most " forcibly the idea of an explosion 
under the great prominence, acting mainly upwards, but also in 
all directions outward^', and then after an interval followed by \ 
ii corresponding inrush; and (( sf.ei)\s far fi'om impoaaibU (the I 




italics are mine) tliat the mt/sterious coronal streamers, if they 
turn out to be truly solar, as now seems likely, may find their 
origin and espliination in such events." 

Now, it is to be noticc'd in the first place, that although the I 
explosion thus described is the only one of the kind that as- | 
ixonomers have yet witnessed, we cannot safely infer that it wa» < 
an exceptional solar disturbance. It is to be remembered that 
the Bim is not always imder spectroscopic surveillance, even in 

* Prrif Ynung mentions that his " sketcIiM" dn Bot pretend lo'accufli^ 
V excf[it [lie fuurlli, the three rolls iu which are Dearly exact. 
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Rable observing weatber, at American and European stations. 
Fessor Young in America, and in Europe Lockjer, Janssen, 
Secchi, Reepighi, and Zollner, with the few others who take a 
more or less systematic part in the work, are ujiable to devote 
the whole of the day — or probably even a large portion of tlie 
day — to observation of the sun. But apart from this we must take 
into account the occurrence of unfavoiu'abie observing weather, 
and Lockyer speaks of days seeminglj fine, when certain indi- 
cations in the appearance of the prominence-lines assure him 
that observation is useless, Doubtless the experience of other 
observers resembles his in this respect. But this is not all. 
During a great part of the 24 hours the sun is not above 
the horizon at any of the European or American observing 
stations. And then, lastly, even when he is above the horizon,' 
solar outbursts of enormous importance might take place with- 
out any possibility that terrestrial observers could become 
cognisant of the fact; simply because any outbursts in the 
central parts of the face turned towards the earth and of the 
half turned directly away from the earth, could not produce 
prominence-phenomena outside the solar limb. The spectroscope 
gives us an account indeed of disturbances taking place on the 
^un's face ; but the account can be by no means so easily in- 
terpreted as in the case of prominences seen in the ordinary 
manner. 

When we combine these considerations with the circumstance 
that a solar eruption lasts but a few minutes, and that the 
observer is unable to examine more than one portion of the 
sun's limb at a time, so that many important eruptions might 
occur even while he was engaged in the most attentive observa- 
tion, we see that outbursts like the one witnessed by Professor 
Young may occur very frequently and yet be very seldom seen. 
Again, the jet prominences seen by Kespighi, Secchi, Ziillner 
and others, though not appearing to extend to the height 
reached by the hydrogen wisps watched by 'i'oung, may (many 
of them) have reached to an even greater height, being reduced 
by simple foreshortening ; and as these are phenomena frequently 
observed, we may not unsafely infer that eruptions really as im- 
portant as the one witnessed by Professor Young are by no means 
imcommon. 

But let us consider what the facts observed by Professor 
Young really imply. This is precisely one of those cases 
where an observation requires to be carefully discussed in 
order that its full value may be educed. 

Now the main point of the obser\ation is this — that glowing 

hydrogen was observed to travel from a height of less than 

- ,400,000 miles to a height of more than 200,000 miles in ten 

^JBiButes. To be safe, let us take the limiting beighU &t\WfAK) 
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miles and 200,000 miles ; and let ns ai^Eume that there wa^ 
no foreshortening. These assimaptions both tend, of oourse, to 
reduce our eetimate of the velocity with which matter was 
ejected from the sun, 

Now we need not trouble oiiTBelves by inquiring whether the 
hydrogen wispa which moved upwards before Prof, Young's eyes 
were themselvea ejected, or whether their motion might not 
have been due to the ejection of other matter impinging upon 
these wiHpa and forcing them upwards. Some matter must 
have travelled at the observed rate— or {if the hydrogen was 
not itself ejected, then) at a greater rate. 

The question which we have to deal with is therefore this — 
What must be the velocity of ejection in order that matter may 
pass between the observed heights in the obaen'ed time? 

But it may seem that the problem might be Gimplified by 
inquiring what must bo the velocity of ejection in order that 
a height of 200,000 miles should be reached. This, however, 
introduces the qneetion whether that was really the limit of 
the hydrogen's upward motion. The wispa seemed to dissolve 
away at that elevation; but we cannot assume quite safely that 
the hydrogen there ceased to move upwards. On the contrary, 
it seems more likely that it neither diffused itself (so as to be- 
come invisible) nor ceased to ascend, at that level ; but simply 
became invisible through loss of temperature, and therefore of 
brilliancy. It will be better, therefore, to take simply the flight 
between the observed levels ; for then we shall he attending solely 
to observed facts. We may, however, inquire as a preliminary 
process what would be the velocity of ejection necessary to carry 
a projectile {moving as if in vacvo) from the sun's siu'face to n 
height of 200,000 miles. 

The calculation is not difficult. The formula for our purpose 
may be thus expressed. Let R be the sun's radius, or 425,000 
miles ; H the extreme height reached by a projectile from the 
fiun ; V the velocity of projection. Then a mile being the unit 
of length and a second the unit of time— 



V R + H 



(379 miles per second is the velocity which would be required 
to carry a projectile away from the eun altogether); and we 
have only to put for H 200,000 (miles) and for E 425,000, to 
deduce the required velocity. Vi'e find thus that a projectile 
must have an initial velocity of about 213 miles per second hi 
reach the height certainly attained by the hydrogen wisps 
watehed by Professor Young. 

ow the time in which a projectile with this initial velocity 
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bold traverse the upper half of its path is not bo readily 
etermined — in fact the formula is not altogether suited to 
these pages,* I must, therefore, ask those readers wiio do not 
care to make the calcidations for ■themselvea, to accept on trust 
my statement that 2flm. 56b. would he the time required for 
the upper half of our projectile's course. 

It is already obvious, therefore, that the matter watched hy 
Professor Young did not behave like a projectile in vacuo, 
haWng 200,000 miles as the limits of its upward course. It 
traversed a space in 10 minutes which such a projectile would 
only traverse in about 2(i minutes. 

Now two eKplanations are available. We may suppose that 
the real limit of the upward flight of the hydrogen was greater 
than 200,000 miles, and that, therefore, the 100,000 miles next 
below that level were traversed with a greater velocity than 
would correspond to the case we have just been considering ; or 

a adopted ia my treatise on ' Ths Sun,' I give 
a a note, ea tbftt those readers whose tnstca 

are mathematiciU may malto the calculation for themselves, if thej wish to. 

It ruQB thiu :— 

R being the sun's radius, D the extreme distance of a projectile from the 

ma'i centre, X its distance at time t aftei starting Irom leat at distance ]i 

(from centrtf he it remombeiod), then, 

In the course of my examioatioD of Prof, Young's observation, findini^ the 
HpplicatioD of this formula rather wearisonae (especially as the formula had to 
be applied tentatively in dealing with the main problem, for it t«lls us 
notbing »» to the extreme height, when this i» to be determined frcm the 
observed time between certain levels), I was led to consider whether a geo- 
metrical coastrnction migbt not bo found which would at least afford n test 
of the calculative results. (For thin, be it noticed, is the great value of 
g«ometricnl constructions ; they prevent any serious eirora of calculation, 
by affotdiDg a tolerably close approximnlinn to the truth ; and in calculation 
— emit eiperto — great errora are moat to be feared). 

I presently lighted on the following construction, which may be applied 
with singular ease, rapidily, and accuracy to all problems sueh as the one we 
■re upon. Let KQEC be a carefully constructed half cycloid, K being a 
ciup, E the vertex, and EC the axis. l^Tbe same cycloid is to be used forall 
probleros, the remaining constructions beiag pencilled.) Divide C£ in A so 
that C A represents the sun's radius, AE the flight of a projectile. About 
centre O draw half circle ADL, cutting half circle on EC as diameter in D. 
l>raw DMsqunre to AC. andletMiiiL, ahalf ciideonML, cutKOinxi. 
Then ibe time of descent from E to any point I' in E A ia represented by the 
ordinate FQ (parallel to KG), where niC represents IBm. 40s., which ia 
the time in which CA would bo traversod, with n velocity of 370 miles 
per second. 
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we may suppose that the matter was in realitj projected with a 
luuuh greater velocity than 200 mik-s per second, and was 
brought to rest at a height of 200,000 miles by the retarding 
action of the solar atmosphere cooperating with solar gravity. 
And, of course, we may conceive that these two explanations 
coexist, and that tho two causes considered operate with any 
degree of proportional activity, between the relattona which 
would make one or other the sole cause of the observed excess 
of velocity. 

Now, to determine the actual height which must be reached 
by a projectile from the sun {in vacuo) so that it may pass 
from a height of 100,000 to a height of 200,000 miles in ten 
minutes, I have gon« through a series of calciUations which 
need not be discussed here, leading to the result (which may 
he accepted as trustworthy) that 350,000 miles is the required 
height, and therefore 255 miles per second the requisite initial 
velocity. In this case the hydrogen wisps watched by Profeeaor 
Young were in reality travelling at a rate of about 150 miles 
per second when they reached the highest visible part of their 
course and vanished from view as if by a process of dissolution. 

On the other hand, it is not possible to determine the nature 
of the motioD of hydrogen wisps, retarded by tlie resistance of 
the solar atmosphere, so as to travel from a height of 100,000 
miles to au cstreme height of 200,000 miles in ten minutes. 
We are very far from knowing how to deal satisfactorily with 
the motion of a solid projectile through our own atmosphere, 
which may be regarded as appreciably uniform during the pro- 
jectile's flight, the actiou of terrestrial gravity being also appre- 
ciably uniform. But in the case of the solar atmosphere 
between the observed levels we have a problem infinitely more 
difficult, because the atmospheric pressure must be greatly \em 
at a height of 200,000 miles than at a height of 100,000 miles, 
the solar gravity at these heights being also very different. 
Nor do we know what the atmospheric pressure is at either 
level. It woidd be mere waste of time to discuss a problem all 
the conditions of which are so vague. 

But it will be worth while to consider the general relations 
which are involved. 

In the first filace, we may leave out of consideration the 
motion of the hydrogen before it reached the level of 100,000 
miles. The retardation we have to enquire into is something 
taking placewithin the observed range of the projectile's motion, 
and we may consider the moving Iiydrogen precisely as though 
it« motion had been due to some projectile force operating 
upon it when already at a height of 100,000 miles. Now we 
have seen that in order to traverse the next 100,000 miles - 
above that level in ten minutes, it would require an initial rate 



uf motion (at tbat level) sufficient to carry it to a distance of 
3S(I,000 milea from the sun's surface if unrefarded. But as 
the matter (ou the hypothesis we are considering) did not 
reach this distance ("250,000 miles from its starting place), hut, 
un the contrary, only traversed a distance of 100,000 milea 
before being reduced to rest, it is obvious that its initial velo- 
dty (at level 100,000 milea) must have been greatly in excesa 
of the velocity which, at that level, would correspond to as 
upward range of 350,000 miles in all. In other words, the 
hydrogen, when at a height of 100,000 miles, was travelling 
much faster than a projectile would cross that level if pro- 
jected im. vacuo at a, rate of 255 mileaper second. So that leaving 
out of consideration all the retardation experienced by the 
hydrogen before it reached the lev€l 100,000 miles, its motion 
at that level corresponded to an initial velocity much exceed- 
ing 255 miles per second. But, if the retardation was bo con- 
siderable between the levels 100,000 miles and 200,000 miles, as 
to reduce the hydrogen to rest at tte last-named level, whereas 
in vacuo It would have reached a level much exceeding 350,000 
miles, how much more effective must the retardation have 
been in the first 100,000 miles of the hydrogen's upward 
course ? It is difficult to express how much greater must be 
the average density of the solar atmosphere between the pho- 
tosphere and a height of 100,000 miles, than between the 
height 100,000 miles and 200,000 miles ; but the disproportion 
must be enormous. Apart from this, the retardation being 
always proportioned to the velocity (though the law of this 
proportion is not known), would have been much more elective 
in the lower part of the hydrogen's course, on this account 
alone. We have, then, this important conclusion (on the hypo- 
thesis we are dealing with), that after traversvng a range of 
100,000 Tnilea from the eun'e surface under the action of a 
7ttaTd<Uwn enortnoualy exceeding that operating on the kydro- 
ffen lit the observed part of ita flight, the upruahing hydrogen 
utiil retaiTied a velocity far exceeding that due to a velocity of 
255 iniles per aecond at the aun'a surface in the case of a pro- 
JectUe in vacuo. 

But we have now to consider towards which hypothesis we 
bfaould lean, or rather which cause we should consider as chiefly 
operative. 

In the fir^t place, it is obvious that we cannot dismiss the 
hypothesis of retardation entirely, for glowing hydrogen travel- 
ling through an atmosphere even of extreme tenuity at an 
average rate of 167 miles per second must needs be enormously 
retarded. But I think tbat, apart from this, we cannot for a 
moment accept the belief that the hydrogen wispa which Pro 
feasor Young watched as they slowly vanished at a height 
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200,000 miles were then travelling upwards at tbe rat« of 
about 150 miles per uecoiid. Su acute an observer eould nut 
but have recognised the fa«t that the hydrogen was still in 
rapid upward motion at that time. We are compelled then, as 
I judge, to regard retardation aa operative to at least some 
considerable degree in that upper half of the hydrogen's 
course. 

This being so, I do not know that a single word of what I 
have paid on the hypothesis of retardation being eolely opera- 
tive need be altered. The italicised words at the close of the 
remarks made on that view must Btill be used in stating tbe 
concluiiion to which careful reasoning would lead us. 

And here I approach the point to which these remarks have 
been tending. If we regard the hydrogen enipted or in motion 
in these jet prominences as not less dense thim other matter 
partaking in the motion of primary ejection, the above conclu- 
sion, interesting as it is in itself, yet has no bearing on the 
subject of the corona. The erupted hydrogen reached a cer- 
tain enormous altitude, and there (so far as the extrusion of 
matter from the sun was concerned), the work of the solar 
eruption came to au end. But we have seen that the spectrum 
of the jet prominences indicates the presence of several other 
elements — amongst others, several metallic elements in the 
state of vapour. Now, it is highly probable that at a very 
early stage of the upward motion a large proportion of the 
metallic vapour would condense into the liquid form; and if so, 
aucQi liquid metallic matter would thenceforward meet with far 
less resistance, and so would travel t^j a far greater distance 
than the hydrogen. But without insisting on this point, we 
may yet feel assured that under similar conditions of tempera- 
ture and pressure the vapours of the metallic elements far 
exceed hydrogen in density. Thus they would from the 
very beginning of their upward course be exposed to a much 
less effective retarding influence. They would, therefore, 
retain a much greater proportion of the velocity primarily im- 
parted to the whole body of erupted niatter j nor is it by any 
means au unreasonable or unlikely supposition that at a height 
of 100,000 miles some of these constituents of the erupted 
matter would be travelling twice as rapidly upwards as the liy- 
drogen watched by Professor Young. So far, indeed, is this 
view from being unlikely that it is difficult to entertain any 
other opinion. Vet, on this view, tlie matter referred to would 
be travelling at a rate greatly exceeding 400 miles per second ; 
and a much smaller velocity would suffice to carry it away for 
ever from the sun's controlling influence. Much more, there- 
fore, would the outrush of such matter sutEce to explain the 
extension of the coronal streamers. 
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I shall merely note, in conclusion, that it would require only 
veiy moderate assumptions respecting the retarding influence 
of the solar atmosphere, to prove that the least of the jet 
prominences must have required a velocity of ejection com- 
petent to carry the vapours of metals as far as the outermost 
observed limits of the radiated corona. Now that we have 
such distinct and incontrovertible evidence of the retardation 
exerted above a height of 100,000 miles, the opinion * respect- 
ing the corona discussed by me in ^ Eraser's Magazine ' for 
last April, can no longer be regarded as other than a highly 
probable theory. 

* It would be unfair not to mention, that this opinion had been much 
dttlier uiged, and very strong evidence in its favour adduced, by Mr. Mat- 
thew Williams, in his interesting work, ** The Fuel of the Sun." It was 
still earlier suggested by the late Prof. Graham. I have been led to it, 
however, by a perfectly independent line of reasoning. 
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MADDER DYES .FROM COAL. 
Bt EDWARD DIVERS, M.D., F.C.S. 



THE beautiful dye-stuffs produced from coal-tar have all 
proved to be until recently euoh as were unknown bodies 
before they were obtained from tbis source. A new interest 
bas now, however, been imparted to the colour-producing pro- 
perties of coal-tar by the tranHformation of one of its consti- 
tuenta into one of the most important and beautifiil vegetable 
dyes that are known — the dyeing matter derived from the 
madder (Rubia tinctoj'um,). As the reader can hardly be as- 
sumed to be very familiar with what has been ascertained 
respecting the production of dyes from the madder-plant 
itself, it will be well to consider veiy briefly this production, 
which, though of some complexity, and still imperfectly com- 
prehended, possesses considerable scientific as well as practical 
interest. 

When powdered madder-root is spread upon an iron pl&t« 
and cautiously heated so as to avoid scorching it, small orange- 
coloured crystals arc seen to form upon its upper surface, which 
are the substance that imparts to the root its valuable dyeing 
power. This substance, discovered by Robiquet, is called 
alizarin, from alizari, the name by which madder is known 
in the Tjevant. 

Alizarin, like indigo, appears, from the microscopic obsen-a- 
tions of Decaisne, not to exist ready formed in the juices of 
the living plant. The cells of the root are found to be filled 
with a yellow substance which increases in quantity with the 
age of the plant ; and this substance gives rise to the true 
colouring matter when the juice is exposed to the air, De- 
caisne's observations were, however, disregai^ded by the chemists 
who investigated madder until Higgins * drew attention to 
them again, and, by some very simple and admirably de\ised 
eiperiments, established their accuracy. From these erperi- 

* to B paper read bv bim at Ihe British Association in 1848. " Philoso- 
phical MagHzinc," xixilJ. 28L'. 
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ments. principally, it became known that cold water dlssolres 
out of madder-root, besides other matters, the colouring matter 
alizarin, a yellow bitter substance now known by the name of 
rvhlan after that of the genua rubia, and a highly nitrogenised 
matter acting as a ferment. The brown aqueous solution thus 
obtained is at first transparent and of a sweetish bitter taste, 
but in a short, time it becomes turbid and for some hours con- 
tinues todeposit an orange-coloured, flocculent powder, the liquid 
at the same time losing its bitterness. The explanation of 
these phenomena is that the yellow substance, rubian, under- 
goes jemientation by the influence of the nitrogenised and 
highly putrescible substance which is present at the same time 
in the freshly-prepared aqueous liquid. 

Higgins showed that the colouring matter alizarin already 
eiiating in the fresh liquid might be removed from it by suit- 
able means, so as to deprive the latter of active dyeing powers, 
and that then, by letting this stand in a warm place, fermenta- 
tion would proceed, all the bitter matter rubian disappear, and 
a fresh quantity of colouring matter be formed in the liquid. 
On the other hand, he showed that, by using boiUng water to 
make the extract of the madder-root, the ferment was coa- 
gulated and deprived of its activity, the liquid remained per- 
manently bitter, and only that quantity of colouring matter 
pre.sent at the time in the root could be obtained. He abo 
established that, as in the ordinary fermentation of grape- 
jnicc; the presence of air was non-essential to the continuance 
of the change in the infusion of madder made with cold water 
wben once it had been started, there only remained to be 
made the legitimate assumption that, in accordance with De- 
caisne's observations upon the juice within the cells of the 
plant, even the dyeing matter always found in the most 
frrahly-prepared infusion of the root is derived from the same 
the bitter matter rubian. 

Schimck soon afterwards observed that rubian also yielded 
irin when treated with the mineral acids. Much of the 
Ider used by the dyer is indeed firet subjected to the action 
of sulphuric acid, by which it is converted into what is called 
in the arts gitranci/n. By this treatment not only does the 
quantity of alizarin appear to be increased, but colouring and 
other matters which affect the purity of the desired tints are 
some of them removed aiid some so far modified as to become 
inactive. 

Alizarin is one of those dyes which require the use of 
mordants, that is, of substances serving to fix it to the fibres of 
cotton or woollen fabrics. These mordants also serve to develop 
"^ colours which madder (or alizarin) imparts. Thus pre- 
' with aluminum hydrate, cloth takes a Turkey-red colour 
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when boiled with madder, while cloth impregnated with iron 
hydrate acquires the purple colour so common in cotton prints. 

The composition of alizarin has now to be considered, for it 
was this that first suggested that it might be made artificially. 
Alizarin has been repeatedly analysed by different chemists, but 
with conflicting results. The variations in the results were no 
doubt due in part to the alizarin examined being of different 
degrees of purity, hut partly to the fact that it is difficult to 
determine by unaided analysis the ratio of the hydrogen to 
the carbon in organic substances of complex constitution with 
sufficient accuracy to enable it to be expressed by numbers of 
atoms. SchuQck gave alizarin one chemical formula, and 
Streeker gave it another inconsistent with this ; and now that 
the analogy of alizarin in properties to certain other bodies has 
led to its being again examined with the powerful aid that 
such analogy always furnishes, chemists have come to leom its 
true composition, and that both Schunck'a and Strecker's 
formula are incorrect. This brings ua to the consideration of 
the way in which this valuable substance can be obtained in- 
dependently of the producing powers of the mbiacea!. 

After carrying out some iuTestigations on a different subject 
altogether, Graobe and Llebennaon recognised the analogy 
just referred to of alizarin to the members of a class of bodies 
they had been studying, and were in consequence led to try 
the effect of heating alizarin witli powdered zinc. This they 
found to be the production of a body already well known to 
chemists, called Ofnthi'dceti^. 

Anthracene is a soft, white lamellated body without taste or 
smell, which can be obtained from coal or wood. Afoet persona 
are aware that when coal is heated in a distilling vessel, be- 
sides illuminating gas and other matters, a large quantity of 
the black, offensive-smelling, viscid liquid known as tar comes 
over. This tar is a mixture of many different substances, and 
these, by redistilling the tar, can be partly separated from each 
other. On account of the value of some of these substancds 
the distillation of tar constitutes an important branch of in- 
dustry. The substances that first come over are mobile liquids, 
a mixture of which goes by the name of naphtha. Towards 
the end of the distillation tbe bodies that come over are semi- 
solid : among them is anthracene. 

The conversion of alizarin into anthracene at once threw 
light upon the chemical relations of the former body, and the 
chemists who had formed anthracene from alizarin next en- 
deavoured secuTulum artem. to reverse this transformation, and 
get alizarin from anthracene. 

It was already known that by boiling anthracene with nitric 
acid it could be converted into a body containing oxygen, and 
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tlieee chemists recognised in this a body intermediate in com- 
positioD to aDthracene and alizarin — a body, in fact, which may 
be described as anthracene half- converted into alizarin. This 
body they renamed, in accordance with the results of the re- 
searches they had been carrying on, and called it atiikraqui- 
jume.' 

There being no method known by which it was likely that 
antbraquinone could be directly converted into alizarin, a 
change in which it would huve to take up as much more oxygen 
aft it already contains, it was acted upon with bromine and 
converted into a brominated anthraquinone. This new sub- 
^ance was then heated with caustic potash, by which the 
bromine was removed, but only by having potassium oxide left 
in its place. This was jusl what was looked for and wanted ; 
more oxygen had been carried into the composition of the body, 
and the result was a substance that only differed from alizarin 
in having two atoms of potassiura instead of two additional 
atoms of hydrogen. The last stage of the process presented 
□o difficulty; the potassium-alizarin had only to be heated 
with an acid in order to replace the potassium by hydrogen, 
and alizarin was obtained. 

The use of bromine being undesirable for manufacturing pur- 
poses, Perkin, the discoverer of the first coal-tar dye, deter- 
mined to try whether he could not replace its use by that of 
flulphmic acid. In this attempt he proved ultimately suceess- 
ful ; as, however, the steps of the process are otherwise esson- 
tially the same as those already described, it is unnecessary to 
follow them out here. 

To those familiar with the use of chemical symbols the 
information afforded by them is so great that we will here 
represent by these symbols the composition and relations of 
anthracene, anthraquinone, and alizarin : 

Anthracene .... Ci^i„ 
Anthraquinone .... 0,|n,0, 
Alizarin C,jH,Ot. 

The identity of artificial alizarin with that obtained from 
madder having been called in question, the last-named chemist 
has compared the two bodies together, and enumerates the 
following points of identity, to show the groundlessness of these 
doubts : 

* Quiuune U a Eubstance obtaloed by nxidUtng an acid called qmnic add 
foand in the Cinchona*, ihe coffee plant, the Paraguaj-tea plant, &c.; nod as 
Oraebs tmd Ltchermium iimni] the bwty obtained (rom Bnthrxcene lo belong 
to the Bsme nhea aa qumone, thej indicated this by the term nnthiv- 
quinune. 
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I fakno^ ttcy produce exactly 
the mmt talamn, bfiJag &e lirli»l ^dt «sp eqnallj- 
IW^ ■]» poMBM tke ouM tiaecarid nlK;. 

Wkea £aB]«cd la sleafaal, tk^ fndare viA eaprie acetate 
a jmijit iobtiaa of fwiwij tbe anc Aad* of eoloor. 

Wkea fwrni n fJ with tk >p«tnaBe^ tbor potaaic aolu- 
boua prnJuce the oaw abaovptiaa faiad>. 

haMtf, the (wd iaaiy |Kecqat>t«d aitifieial alimin, yielda 
pbUtaEe acid wben d e conq wagd with aitnc add, jart am aliaiiii 
from madder ba< long bmi fcoowo to do. 

Tb«re being no other well de£aed reartioa of ali^Liin, we 
are, thfntfore, jnd^ng from the abort, boaod to consider arti- 
fidal and Bstoial aUzarin as identacaL 

In addition to alizarin another eoloor, called pHrpuriji, is 
obtainable from madder. The existence of purpnrin has 
indeed been denied by Schnnck, bat, after all, this denial has 
BOt BO iQDch practical importance, as he only pontends that the 
ntbitance obtained and called purpnrin is nothing but a com- 
bination of alizarin with another substance— tvran A' >u>, and not 
an entirely distinct nbvtaoce. Now the body called purpurin 
ha* been conBidered to be a material ingredient of the finer 
coloure obtained from madder : and if this were the ease, arti- 
ficial alizarin would prove to be only an imperfect substitute 
for madder. Schunck, however, alao denies that anything but 
alizarin fotcTH into the formation of madder-colours. Then it 
has been pointed out by Stokes that the spectrum of purpurin 
IB very difierent from that of alizarin, so that it becomes eaey 
to detect minute quantities of the former in this way ; yet on 
applying fhln tent to fabrics dyed with madder no purpurin can 
be detected. 

According to Perkin there can Ih: uo doubt that the more 
brilliant the colours dyed with madder, the purer is the alizarin 
Id combination with the mordautfi. This objection therefore 
to the Ruhitl.itntion of artificial alizarin for madder may be 
aafely regarded as of no value whatever. 

The difficulty that remains to be solved is as to how anthra- 
ocne may Im got in sufficiently large quantity to make artificial 
aliiiarin an economical substitute tor madder. Now that tbere 
iH a Npi-cial demand for this Gubstanee, we may fairly antieipat4> 
that nianufaetiirers will, before veiy long, succeed in producing 
it in mneli larger quantities than at present by the distillation 
of coal. It. is nlreiidy known that at a sufficiently high tem- 
piTatiiie various other hydrocarbons, alone or mixed together, 
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are capable of being converted into it ; so that it is not im- 
probable that the desired increase may be obtained by some 
modification in the heating of the coal. When the first coal- 
tar dye was made from aniline, the latter substance was lite- 
raUy a rare body ; it was not long, however, before a method 
was discovered by which it could be prepared in large enough 
quantity to meet the demand for it. So, we may expect, will 
this soon be the case with anthracene. 

Even as it is, large quantities of artificial alizarin are manu- 
fieu^tured both at home and on the continent, and it is com- 
peting in the dye-market with the preparation from madder 
root. 
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THE ELECTRICITY OF THE BODY.* 

rU unqiieetioEiable that the Dumbei of woikers in pure physiology io this 
countr)' ia extremely small, for example, aa compared with either Ger- 
maay or Italy. Neverthoiuss, there are a ceitain number of ennost genuine men 
amung us nho hare made, Hnd are atill making, Toluable researchea in pfay- 
aiological matters. And faremoat in the ranks of these few muat be placed 
the author of the present volume, who is almost alone in England the m- 
presentative of Matteucci, Du Boia-Reyinond, Pfliiger, and Eckhaid, and 
other workers in forei^ countries. Not mcently has ho taken up the pur- 
euit of animal electricity, but twenty years ago, and ever aince has he 
devoted the leisure hours obtained from a heavy practice to the pursuit of 
tbe electricity of animals. And it is the more remarkable because he has, 
in the book before ua now, given wholly up many of the views which were 
held as true in his former volumes. We say thia because we think that it 
is infinitely to the author's credit that he has openly admitted hia mistake 
and gone on another tack of sdeniiBc discovery. Of course men in the open 
pursuit of science will readily understand how an author may make mistakes. 
There is not a day nor an hour when our chemists and Bstronomers and 
loologists are not making mistakes of the most serious character, mistakea 
which are calculated to leave each of their sdences on the atand-still for 
years ; but we ore sorry to say that they do not always confess their rnrora 
as candidly as the author of the present volume. We da not mean to say 
that they knowingly conceal their mistakes, or endeavour to pve a aemblanoe 
of tmth to what they know to be false doctrine ; but they fail to see their 
errors till they have spent whole years of their life in bitter and hostile 
controversy. Therefore we have nothing but praise to award Dr. Radcliffe 
for the honesty and openness of his avowal. 

In the present volume he sets to work in real earnest at lus subject, and 
he has giren us the &uita of his later ye&ra' researches. These involve work 
done with Sir W. Thomson's "New Quadrant Electrometer," and the new 
■' B.A. Unit of BesistoQce," which was devised by the late Dr. MatthieaMn, 
F.R,S,, when he was lecturer at St. Mary'a Hospital. It is clear, therefore, 
that through the employment of th^e two instruments quite a new field 



nU opened up ; aod it is ttud field whicli Br. lUdclifTe has Uboured at so 
caejgetically and well. For example, he haa found that a single inch of the 
bogi sciatic nerve eipoaed a current of electricity to a raaigtance equal to 
4C^0OO B.A. (British AasociatioB) units, or as much as "eight times that of 
Ike whole Atlantic cable." But it is with the new and wonderfullj exact 
iutrament devised hy Sir W. Thomson that his most lemsrlcable reaearcfaes 
Toe conducted, and we may quote a few lines to ahow this. 

" Seeking' for tensionol phenomena of nninial eiectricitj in muscle and 
Ciemi bj means of the new quadrant electrometer, I soon found that the 
adea uid ends of the fibres were charged diSerentlj — the former positively, 
the Utter negatively — and that these evidences of charge disappeared in a 
great measure during action. I soon found the evidences of the charge for J 

which I bod searched before almost in vain ; but I found more than I I 

expected. Expecting to find a single charge, I found a double charge ; and I 

what to think of this state of things I could not at nil see at first The bets I 

would not chime in with preconceived conceptions, and the end was, thnt the 1 

conceptions had to be modified to suit the facts." 1 

The idea previously held by the writer was quite the opposite of this, for 
it conceived that the muscular fibres were cbnrged with one kind of elec- 
tricity during rest, and that in this way the molecules were kept in a state 
of mutual repulsion. But this idea was impossible to reconcile with a 
belief that there was a double charge of electricity in each muscle, and this i 

latter was unquestionably a fact. Here, then, a new scries of views forced I 

thamselves on Dr. RadcUlTe's attention, viz. that the natural electricity I 

peaent in the muscle produced the state of muBCular relaxation and elonga- 1 

tion ia a difierent way (ram what ho fonneriy supposed ; that the tissues ■ 

preaented a great resistance to electricity; that the sheaths acted aa di- J 

deetncs; that this being the case, a charge of one kind of electricity on ■ 

the outaides mdtuxd a charge of the opposite kind on the insides of the I 

BUiscte, and the electric antagonism of the sides and ends was accounted for I 

by the induad inidde charge being conducted to the ends by the contents ; t 

and, finally, that the fibres might be kept in a state of relaxation by com- 
pT«9tQon of the sheaths, "ari^g from the mutual attraction of the two 
opposite charges, disposed, as in a charged Leyden jar, upon the two surfaces i 

<rf the sheaths." AU these views are home out by ample esperiments, ' 

which are fully described by the author, but which we have not space for here. 

Dr. RadcliSe has found that all the tensional phenomena of the muscular 
fibre and all the current phenomena also, can be easily imitated upon a 
wooden model of the fibre left bare at the two ends and at the sides, 
■beathed with a coating formed of two layers of tinfoil, separated by a thin , 

byer of gutta-percha, if only a charge -was supplied to the outer tinfoil 
l^er. He also produced experimentally the elongation of the fibre. This 
ks did OB a narrow band of india-rubber, covered on its two surfaces with a 
thin metallic coating, so as to allow of its being charged in the same 
manner as a Leyden jar. This appears to be a satisfactory model of a 
muscle, for it elongates under the infiuence of a charge of electric fluid, and, 
on the other huid, it contracts when the charge is dischanied from it This 
ndft example seems abundant in favour of the view which the author works ^J 

Sao elaborately in the pages of the present work. ^^^H 
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Ae regards the ffotvanonieCer, Dr. RaddilTe thinks it of Utile use in tlien 
inquiries, compared with the tkctrometer. Tha galronometet does not t«ll i 
us, the other instrument does, that the parte between the poles are charged I 
half positively, bnlf negatively. Yet this is intelligence which, the ftulhor I 
assures us, cannot be dispensed with; for, as he proves further on, ''tho j 
workings of voltaic electricity upon muscle are found to be resolvable into 
those of the charge and discharge of these yery charges, and not into those 
of the constant current." 

Another result which the author has arrived at is that the state of the 
muscles is a state of electrotonat, which state further bears out the ideas 
already alluded to. All tbrough the worli will be found abundant account* 
of eiperimeots made by the author and an ample description of the results 
obtained by Matteuct'i and Ilu Bois-Eeymond, and others who have been 
engaged in similar researches. In point of style, the book is an exception^ | 
for Br. IlodcliSe writes, aa few of bis medical compeers can, with an < 
elegance and terseness which are most unusual. The phyucal chmcteia 
of the volume display the publishers' good taste. 



THE SUBTERRANEAN WORLD.' 

TjpE tbink, of all the works which Dr, 0. Ilartwig bu given us, the- 
TT present one is unquestionably the best ; notonly in its style, which i» 
rlear and simple, hut in the iufotmatiou it conveys, which is full, accurate, 
and modem, We do not see any fault to find with the book, and we i 
sure that our readers wiO stud; it with a great deal of satisfaction, ■ 
with nn intense interest in the nsanifold facts which it relatea. The book 
may really be divided into four ports. First, there is the purely geological 
and palceontological ; Iben comes physical geography; next wa have minea 
and mining; and, finally, an account of minerals and gems. All this is well 
done) and the illustrations, although not eicesuvely numerous, die never- 
thelesa good ones of their kind. We shall endearour to quote something 
from the principal sections, and thus give the general reader a better ide« 
of the exact nature of the book. After giving a brief account of the different 
fossil forms which we have yet discovered, the author medies tlie follQwing 
remarks on the important question, Has the animal world diminished ianie 
as it bas gone on ? 

*'The colossnl tHzn of many of the extinct plants and animals might 
seem to favour the belief that organic life bos degenerated firom its foime 
powers; but a survey of eiietjog creation soon proves the vital prin- 
ciple to be as strong and as fiourishing as ever. No fossil tree has yet been 
found to equal the towering height of the huge Sequotat and }r4llinj^ania» 
of California ; and though the borse-teils and club-moeaes of the carboni- 
ferous ages mny well be called colosealwben compared with their diminutive 
representatives of the present daj, yet their height by no means exceeded 
that of the tall bamboo of India. No fossil bivalve is as large as the 7H- 
ttacna of tbe tropical seas; and though our nautilus is a meie pigmy whea 

'y Dr. George Ilartwig. London : Long- 
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^SHBpared with many of the annnonites, our caked cuttle-fiahes are prolnblj 
at bulky as those of any of the former g«olo^cal formatioua. The liriiig 
CTUstaceanB and flahea aie not inferior to their predecessors in size ; and 
though the giant aaurians of the past were much larger than our crocodiles, 
yet they do not completely dwarf them by comparison. The extinct Dinomu 
Ikr fltitpassed the ostrich in sixe, but the tnammoth and the maatodon And 
their equal in our elephant ; and though the sloths of the present day are 
mere pigmies when compared with the Megalheriam, yet no eitinct mammal 
attains the size of the Greenland whale." 

Thia qnotation is a Eort of concluaioa to the portion of the book 
devoted to the history of the fossil animals upon the globe. It is followed 
by ■ general account of the physical geography of the earth ; and herein ia 
contained a long account of the rariooB psculiarities of the globe, of the 
artifiiaaJ wella, of earthquakes, Tolcanoes, and the several underground 
oiTems which are to be found in different parts of the world. The chapter 
on earthquakes is about the most jnfereating, for it not only contains an 
account of the moat remarkable of those dreadful comtnolions, but it gnvea 
the leading details of the more general disturbances which have taken place 
within the past couple of centuries. With regard to these, we may quote 
the author's remarks on the subject of eartbqunke ahocks. 

'■' Earthquake shocks are either vertical or undulatory. A rertical shock, 
which is felt immedialely above the eeat or focus of the subterranean dia- 
turbance, causes a movement up and down. Like en exploding mine, it 
frequently jerks movable bodies high up into the air. Thus during the 
great eoiibquake of Riobamba, the bodies of many of the inhabitanta were 
thrown upon the hill of La Culla, which riaos to the height of several 
bnndred feet at the other side of the Licno torrent ; and during the earth- 
quake of Chili, in li^37, a large mast planted thirty feet in the ground at 
Fort San Carlos, and propped with iron bars, was thrown upwards, so that 
Ik Tound hole remained behind." 

Numerous other examples are given, ood the author concludes, with Mr. 
UaUet, that the rotating hypothesis u not correct, but that earthquake 
movemecta are essentially backward and forward movements. We much 
regret that we have not space for further quotations from this interesting 
TcJume.- We may, however, just mention that there are hundreds of places 
&om whicb we could quote with interest, such as the chapters on subterra- 
nean water-courses, on cavern animals, on ice-caves, ou subterranean cata- 
combs, on mines, and on the several minerals and precious stones. However, 
we must now conclude our notice, and offer our best thanks to Dr. Hartwig 
(or the very capital treat his pages have aJTorded us. 

A rOPULAK HISTORY OF BRTTISH INSECTS.' 

MR. J. G. WOOD has written us so many and good manuals on 
different branches of British and general zoology, that we had almost 
imagined he bad come, so to speak, " to the end of his tetber," and that we 

• " Insects at Home ; being a Popular Account of British Insects, their 
Stroetnie, Habits, and Transformations." By the Rev. J. G. Wood, M.A., 
F.I..S. Lt^don : Longmans and Co., 1873. 
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should Dot bare anj more of bie popalar works to review in these pitgea. 
We are happ; to aaj tbat we baTe been mistaken, for the work wa bars 
now nnder notice, if it ia not o&o of hia best woiks, is certainly by no meuia 
nn iUuBtration of the theory that a» & writer advaDCee in public fftToiir, he, 
us a rule, diminishes io excellence. In point of fnct, the " InsecU at Home '' 
bears evidence of being: carefully prepared by the author, and it ia Tery well 
illustrated by its publi&ben. Of course it must be borne in mind that we 
are speaking of it as a merely popular work; forif we wwe to criticise under 
any other view, we should have to call many of the views expre&sed by the 
author into serious question. Toldng it, thea, a& a popular book, we may 
express ourselves as very well pleased with tlie author's labours. To be 
sure, he has not dwelt much on the anatomy of the insects, but then he has 
omitted this specially, because he does not, we suppose, thinli tbat so many are 
interested in it ; but on the habits of the several insects he has described, we 
know of no work, save the immortal " Kirbj and Spence's Entomology," 
which contains so much information. 

Of Mr. Wood's method of dasHfication we cannot speak very bvourably ; 
bat than most probably he would say in oppoution to this, that he did not 
cuDiider the subject at all, and merely gave that claesitication which he 
found most generally adopted ; and with this argument we can find do 
fault whatever. There is, however, one au^festion which he makes in his 
preface to which we must call attention ^ it is as to colouring the plates. 
These, be sug^sts, may be readily coloured by the reader, and he gives th6 
various means by which the process of coloration may be completed. We 
entirely object to this. If the author had sold with the work a number of 
plates which, if damaged, would not deface the book, we could not object ; 
but such a suggestion to mast readers of the volume looks like a " YoDkee " 
desire to improve the sole of the work by the destruction of copies — a desire 
which we are sure the reverend author never for a moment conceived oC 

As regards the substance of the book, we con only say that it is full to 
over6owiiig with accounts of the Ijeauty, intelligence, and peculiar hoUts of 
all species of insects which have their home in these islands, and that it 
concludes with some practical hints on the subject of mounting the speci- 
mens which the young entomologist has captured. Although tlie anatomy 
of the work is, bs we have said, remarkably defirient, still here and there it 
finds a place, as. for instance, in tlie account nf the great green grasshopper, 
in which the author says ; " Among other points, one of the most interesting 
is the ' giizard.' Before it is opened it looks very like a swelling of the 
digestive tube ; but if it be carefully slit horizontally and spread fiat, a 
number of narrow parallel bonds will be seen. On placing one of these 
bands under the microscope, it will be seen to consist of a number of very 
■mall teeth, arranged with perfect regularity, and admirably calculated for 
triturating morsels of the leaves which have been cut off by the powerful 
jaws, and then swallowed. As for the jaws Ihemselves, their power may 
be easily a«:ertiuned, for the insect is generally given to biting." We 
thoroughly coincide with Mr. Wood in his recommendation of Lowne'a 
"Anatomy and Physiology of the Blow-fly;" and we con go further tlianhe 
does, and say of it that it is the most important monograph, witli some 
noted exceptions, that is to le found in any language an the nunlomy of a 
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angle insect. We e&y this because it forms, as it weie, b sort of compacioii, 
tod a Terj essential one, to any work od tHe genentl Datural hiatory of 
imects. But on eTeiytbing that relates to all the peculiar habita and 
of the insect world there is no betli-r book than that of Mr. Wood 
-we have thus brieflj noticed. 






MARVELS OF POND UFE.' 



rjTHEBE are very few men who^e position better qualifies them for a task 
J. lili^ the present one than the eminent and actire Secretary to the 
Royal Microscopical Society. But apart from this, Mr. Slack possesses a 
style as a writer ■which is at once dear, coroprehensiye, and to the point; 
whilst hia numerous researeheB upon the Protozoa and Rotifera constitute 
liim nn excellent authority on the subject be has taken up in this excellent 
little handbook, which we are glad to see is now in its second edition. The 
reader may be sure he will not find in Mr. Slack's work anything that ia 
erTODeooaj while, on the other hand, he will be treated with the Intest 
tnt«Uigence^on the subject that is treated upon ; and, moreover, he will find 
that the writer states his opinions in clear and forcible langusfre, about 
which it is impossible to have any doubt as to bis meaning. In the pages 
of this little work, which is amply illustrated by the author's wife — ft 
lady who takes a more than common interest in the scientific leaching of 
the microscope — there is given a very full and fair account of the inhabitants 
of our ponds. But the reader must not imagine that he will not find the 
creatures described here in ponds of his own neiubbourhood, for Mr. Slack 
has been careful to describe almost solely those fonns which are univeTsally 
abundant in all kinds of ponds. It is remarkable, too, that the author, besides 
describing and figurinjf minutely the several species of animals which he deals 
with, gives minute details as to the readiest method of capturing them and' 
holding them in a living state during examination. The chapters aio 
thirteen in nDmher; and, with one exception, each deals with a separate 
iDODth'a investigation, so that the young naturalist can pursue his researches 
all through the year. The woodcuts are numerous — especially those of the 
Bydn, which is generally depicted from the imagination — and very good; 
and the plates, which are coloured, are seven in number, and to those who 
know what is eeen under the microscope they are admirable and truth-like 
iFpnsentalions. Tout eiUier, the book b everything we could desire, so iar 
ae it extends, and we can only hope thnt Mr. Slock will add to it, and make 
it a mnch larger and more comprehensive volume. 



J 



'■Marvels of Pond Life; or a Year's Microscopic Recreations among the 
- • ' -' "" -ifrw. Water-bears, and Polyzoa." By Henry J. Slack, 

— , -J the Royal Microscopical Society-. 2nd edition. 

mbridge & Sons, 1871. 
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THE ROYAL INSTITUTION.' 

TnE Royal InBtitulion is so well and Bo fsToonbly hnowa as it eriata at 
preient to the inBjority of Londaners who are in the least degree in- 
treated in sciendGc research, that we think an endeavour to publish its 
history, BD that it tni^'ht be hnowa to every enhghtenod Englialiinaii, vas 
one in the right direction, We are glad tbat it has been undertaken, and 
we know of no one who could do it better, from a longer experience, or with 
a more loving hand than Dr. Bence Jonea, tbe author of the volume now 
before us. We wonder that it has not been attempted before, and we 
cannot but congratulate the author upon bis very successful task, and upon 
tbe general plan he has adopted in his volume. We say this especially 
from the outspoken manner in which be speaks of Davy as compared with 
Faraday, and from bis opinion, in "n-bicb we heartily concur, that Davy was 
" in originality and in eloquence " far superior to Faraday, while he was not 
inferior to him in his love of reaeareb. Tbe book which Dr. Jones has 
given UB is not unlike tbe account of Faraday's life which was published 
some two orthree years ago, but it ia very much smaller in eitenL It tella 
us of the life of Count Rumford before the Institution was founded, of his 
subsequent life, of the early bistor; of tbe Institution ; of tbe lives of Pro- 
fessors Gametl, Young, Faraday, Sir Humphry Davy ; of original papers 
relating to tbe American war; of original letters from Dr. Thoraaa Young; 
and, finally, of tbe income and expenditure of tbe Royal Institution to 1814. 
In general plan it is by no means unlike the Life of Faraday ; for example, 
when possible, tbe author has allomed each life to tell its own tale by the 
multitude of documents which he baa by most laborious endeavours con- 
gregated together. Thus there is hardly a third page of tbe book which 
does not contain some one or other important letter bearing upon the subject 
and printed in full. Of course we 'Cannot say bow fully these letters tell of 
tbe life of tbe Royal Institution. No one who is not connected with the place 
can wywbelber tbe book ia or is not a full record ; and indeed we imaginethat 
very few oftbose who are there could nOer any opinion on tbe subject. But so 
far as we have been able to judge, Dr. Deuce Jones has played the historian's 
part with admirable skill, just laying out the principal parts of the story 
before the reader, and keeping other parts of no interest and of no im* 
portance in reserve. And he has dona so with an openness and a displny of 
candid criticism which to our minds is greatly to be praised. Although tbe 
history is one which of course we cannot dwell further on in these pages, 
it will nevertbeiess prove of great interest to a lai^ number of inteUigeni 
auentitic readers, and with such we wish it every success. 



• " Tbe Royal Inslitntion ; its Founders and its first Professors," By 
Dr. Dence Jouea, F.R.S., Honorary Secreterj-. London: LoDgmans and 
Co., 1871. 
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GEOLOGY, HISTORICAL AND PHYSICAL,* 

HOWEVER much m&y be BEud about the importanco nf a student 
pursuing hia studr of Geologj in large treaties, bucU as Lfell'a and 
Moicbison'a, there can be no doubt tbat ihe expense attendant on the 
ptuchase of these works which are gonerall; dear, is sunicient to prevent 
a good man; students from purchasing them. This cannot be said of 
Tolumea such as those now before us, which are issued at such a price that 
the; are within the hands of overjoue. Weale's series are too well known 
to need any general explanation at our hands. Bnt ihey are not at all equal 
in Talue, some of them being the merest trash, while olbers, b; far the 
majority, are the very best works we can put into a beginner's hands. 
Unquefttionahly the two works now before us belong to this rntegory, and 
we abould not be sorry to see them in any beginner's hands. Furthermore, 
Hx. Ralph Tate, whom we are glad to me directing himself to geological 
sdence, has spared no pains in bringing out new editions of the two geolo- 
gical manuals to make them as fully representative of the progress geolo- 
gical adence has lately made as possible. lie has introduced new passages 
into the books which prove he3'ond question that he has been at pains to 
bring the volumes up to the present slate o science; and in coses wh«re a 
donbt existed he has been open enough to slate both sides of the question. 
Thia is ctenrly the case in his chapter on the coal-measures, in which ha 
haa introduced us to the more recent facts, those especially connected with 
the KilkeoDy coal formation and its reniarliable foesil fauna. It is further 
ahown in his few remarks about Eoioon, where he candidly owns the 
diOer'nce which is known to be between the general opinion and the xiew 
of Messrs. Bowney and King. In the -wnik devoted to purely Physical 
Geology, the author is even happier in Ills construction of the book. It 
seems quite marvellous what a mass af the opinions of those who have 
irritten upon the subject he has introduced. Invariably, too. we tind him, 
have two sides, giving both fully and fairly, 
much pleased with the manner in which Mr. 
I task, and it is very pleasant for us to be able 



when n question is known t 
Indeed, in all respects, we ar 
Iph Tate has disclinrged h 



LONGSLiNS' TEXT-BOOKS: THE THEORY OF HEAT.t 



ASSUREDLY few could have been better selected for the authorship of a 
manual of " Heat " than Dr. Clerk Maxwell, and, in choosing him, the 
editor of the Text-books is especially to be congratulated. Yet it is to be 
regretted, in our opinion, that the author should have so fully developed one 
part of the work to the exclusion of other points of quite as much imports 
•nee to tlie student who goes in for examination, though possibly not of 



" " Historical Geology," and " Phyaicrf Geology." By Ralph Tate, F.G.S. 
London : Lockwood 4 Co., 1871. 

t " The Theory of Heat." By Dr. Clerk Maxwell. Londos 
A Co., 1871. 
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tiucb >p«Cttl iotenst. The ftathor's aim baa be«n dear throngfaout, and, 
althoDfli lie explain* it in the pre&ce, it ia periectlj clear to tboee who 
trndenlaiui aBjIbtcg- of the icience. His object has, u be saj^ been " to 
exhibit the adentiGc conuection of tbe rarioDS «t«p9 by which our knowledgs 
of tbe pbenomeiiB of heat haa been extended.'' Thus, for inataDoe, first of 
all, tbe thermometer, or tbe meaforement of heat ; tbea tbe caloriiDeter ; then 
"the inrestigBtioDortbosereUtioiu between the thenual and the mecbanical 
properties of tobetances which form the subject of tbeiroodjUBjiuca." Then 
fuUowchapteraon tbe Dia^pation of Energy, and on tbe hypothesis that tbe 
motioQ of tbe molecule cooatitates the heat of bodies. There ia certainly a 
good deal to be diacnsMd, aa Dr. MaxweQ treats tbem, in tbe space of a 
small msnnsL We can therefore undetstand why the author has been 
obliged to omit many other questions in tbe science of beat. But we do 
□ot thiak that be was quite right in doing; £0 iu a book intended especially 
for the working class, and we cannot quite congratulate him on the result, 
excellent though we admit it to be. 
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yeara, the present one ia at once tbe moat presumptuous and the moat 
igaonnt Since the time of GaJl and Spurxheim there have been Tery 
few, with the exception of Dr. Combe, who have attempted a scientific 
argument for phrenology ; and of all the writers who bnve since touched 
tbe subject, we fancy the author of tbe present treatise is at once the most 
preaumptuous and the most ignorant of all those purely scientific data on 
which the argument for phrenology should rest. If ever a subject required 
an intimate acquaintance not only with anatomy and physiology, but with 
insanity in its every phase, assuredly that subject is phrenology. But these 
subjects have rirtually no place ia the present volume. We do not deny 
phrenology in the abatract. There may, of course, be such a thing as an 
organ of the brain for special faculties, but assuredly ni.i such organ bos as 
yet been made out. Indeed there has been a search of late for an organ of 
speech, which isaupposed to lie in the anterior part of the cerebral mass; but 
as yet, though much valuable matter has been written upon the subject, it 
is not yet clearly shown whether it is in, tbe right or tbe left half of the 
brain that it is mtuate. And assuredly there is no further attempt at a 
specialiaation of the brain's functions, Even that at one time supposed func- 
tion of the cerebellum is now tbrowa into very serious doubt. If there was 
the least shadow of scientific method about tbe book, we should hftva 
attempted a slight nolJce of it; but there is really nothing in its pagea which 
would satisfy the merest tyro in medicnl science. It is a miserable attempt 
to justify a depsrtment of scientific thought which, whatever may hare 
been the claims of its first orfgiuators, has now dwindled dawn to tbe very 

Phrenology, and How to Use it in Analysing Character." By NicboUa 
Morgan. London: Longmans & Co., 1871. 
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WCBt depths of aa all but defuDCt philosophic apeculatioa. 
ntrpnsed at MeMK. Longmans issuing Buch a work than n 
the snthor'a poitraJt forming the frontigpiece. 
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TABLES OF LOGARITHMS* 



ft emoU work, but calculated to ba exceedlaglj useful to com- 
pntere, and more particulailj to nautical men and Biuveyors. Wo find 
in it ppoportioiial paita of all numbers up to 100; tliree-place logarithms 
of nombera and the trigonometrical fuactions ; logarithms of numbers to 
foui places,' Gaussian logarithms; trnverde table; correctioD for mid- 
latitude ; meridional parts, &c. ; as well as a useful table of constant, with 
their logarithms. Prof. Peirce luentiojis on interesting result of experi- 
ments conducted ot the olfice of the American Ephemeris. The timea 
occupied in doing the same piece of work by tables of 4, 5, 0, and 7 places, 
were found to be proportional to the numbers 1, 3, 3, and 4. For many 
purposes four-place tables ensure a perfectly adequate degree of accuracy. 
We are much pleased with the way in which the practical questions of size 
and form of type, arrangement of page, quality of paper, &c., hare been 
attended to. The guiding lines ore numerous and weU-marked ; in fact, 
that fruitful source of error in computation — mistakes in following lines or 
in running down columns — seems practically eliminated. Some of the 
■jmbob are not altogether pleasing. Tbe use of the symbol n for factorial 
n may appear unusual to English renders, though not unknown to continental 
mathemacicians ) cic for conec is obviously an improvement ; but why cln 
for «i(. P 
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A M-\>"UAL OF SCIENTIFIC ENQUIRV.t 
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,E is ft scientific work which has been some time in existence — seeing 
that the pressnt is the fourth edition — which is a moat valuable book, 
and which we should wish to see somewhat enlarged, and far more generally 
circulated among naval and military medical officers, and other medical men 
who are travelling abroad. It is a book which is essential to every traveller 
who wishes to profit by his trip, for we know of no other source whence he 
can obtain the amount of useful information which is contained in the pagea 
of its several departments. The preaent edition has been brought out by 
the Eer. Robert Hatn, M.A., F.R.S., and in most of its departments it is as 
fall as its space will admit of with facts, and with facts arranged in such 
• manner as to give tbe reader the boat general idea possible on the subject. 
But all the chapters are not alike, som& being very good and others equally 

Three and Four-Place Tables of Logarithmic and Trigonometric Func- 
' B; James Mills Peirce. Boston : Ginn Brothers, 1871. 
A Manual of Scientific Enquiry, prepared for the use of OlGcera in 
laiesty'a Navy, and Travellers in general.'' 4th edilion. By the Rev. 
rt Main, M.A., F.R.S. London : John Murray, 1871. 
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defective. Tb&t on medicine and medic*! statistica, hj Dr. Aitlcen; that on 
aeumology, b; Mr. Robert Mallet, F.R.S. ; that oa botany, by Dr. J, D, 
Itookei', F.R.S. ; tbat on terrestrial magnetum, by Sir Edward Saiane, F.R.a ; 
that OD Mtronomj, bj G. B. Airy, P.R.S. ; and that on hydrography, by 
Admiral O. II. lUchards, F.n.S., are all excelleot of their kiod. But thoM 
on xoology, geograpby. ethnology, snd tome of the othen, are not at all as 
advanced as we should tilce. In our opinion, the work is too small, and we 
cannot but believe that a Iar;rer and more important work on the same 
geoecal plan would be af great advanta^ to tbe young medical man, whether 
to the army or navy. As the book is, it is a veiy capital one, and deaervw 
great priude. In conclusion, we may mention that it is published by autbo- 
rity of the Lords ComniissioDerd of the Admiralty. 



SHORT NOTICES. 



The Amatear't Floaer-Garden, hj Shirley Hibbeid. London: Gmnn- 
bridge, 1871. Although we do not very mucb approve of the plans of 
arranging a garden which Mr. S. Uibberd suggests, we admit that wa an 
in the minority, for the great mass of people adopt tbe plans, ot something 
like them, which he recommends. This Ikct, and the circumstance tbat ba 
ipves abundant information about tbe garden and its plants, must contribute 
to make the present work a very popular one. It is essentially addressed 
to tbe amateur, and its numerous woodcuts and very excellent coloured life- 
aiie illustrations will, we doubt not, make it a very popular book. It is 
elegantly turned out by the publishers. 

The Mystrries of the Vilal Ekmmt. by Robert H. Collyer, M.D. Snd 
edition. London : Henshaw, 1871. It is a pity that Dr. Collyer baa 
written so much on the subject li-e has taken up. He writes to show ua 
tbat he was really the discoverer of chloroform, but he has thorougbly 
mystified his case by the alarming amount of matter be bns brought to bear 
upon it. Supposing we admit him to have been the discoverer, what thenP 
If he had not been in eiialenoe, it would still have been discovered, and that, 
too, about the same time. ^Yhy did be not follow up his original discorerj, 
insteadoftmvellingabout every part of tbe world. We give bim tbe credit 
of discoverer; but we would Hab him to go a little further, and deserve 
something better. Vt'e (<bouId not like to put down the multitude of deaths 
that have arisen from the use of chloroform. Dr. Collyer thinks be will do 
somethmg with nitrous oiide. We hope he may, but we have not very 
much bope. It is useful for short operations, but we fear it can nevec be 
made safe for long and serious ones. 

Noten on Comparnthe Anatomy, by William Miller Ord, M,B., A w wtMt 
Physician to St. Tbomas's HospitnL London: Cburcbill. 187L Dr. Ord 
proposes to divide this book into three parts, and to give one ia each of 
three luccesaive years. The plnn is a good one, and likely to he attended 
witb successful residts. The work is essentially a syllabus of lectures, and 
for this reason is more a work for the lecturer than for his students. At all 
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its, it is quite unfitted for a juqIoi student to reFid. We hare gone 
fhrongH'it CRrefullv, and we are thoroughly sutiafied with tiie manuer in 
vhich' the Author has discharged hia task. No more space is given to one' 
groap than to another, and in all there is every reaaon to he satiafled with 
the method of clarification. Dr. Ord has given very fniilj, it seems to us, 
tlie anatomy and physiolo^ of the different proups. It will greatly facilitate 
good lectures for students, and will greatly expedite the labours of thoee 
who are reading for honours. If the author had appended to each chapter 
the lilies of the hooka and journals where the principal points were to be 
found he would have done well. Th» Protozoa and Cieleuterata are espe- 
cially good, and tbey are generally atrociously badly given in most umilar 

The Sucoitry of a New World of Being, by George Thomson. London: 
Longmans, 1871. We have failed to discover the new world which Mr. 
TbomHii has found out for us, hut we suppose it is all right, nevertheless, 
and tbat Mr. O.Thomson is fully acquainted with it. It has struck u» 
through our reading the book which Mr. Thomson has written, tbat it 
is singularly like the arguments wo hav« heard urged in grave seriousness 
by men who were about the last we should have cnnsideced as authorities 
on the subject in question. Listen to bis riews of Mr. Darwin. " We shall 
not enter upon a discussion of his develapment theory ; it would occupy too 
much time. We may say by the way, however, that there is a great deal of 
truth in bb observations of facts, hut nothing ii«o ; kit iiiferetica, on the 
other hand, are outrageous. There are such things as a struggle for life, a 
natural selection, and a development Theiie, however, have been observed 
and repeated in a thousand formg before Mr. Darwin was bom. Develop- 
ment, however, is always one-sided;" onA so on to quite another subject. 
We merely give the quotation as a sample of the author's general knowledge 
of scientific subjects. As to the general tone of the book, we should be 
ftfrud to give a candid opinion. 

A Sfanual of Aitthropotogi/, bated on Modem Research, by Charles Bray. 
London : Longmans, 1871. Mr. fiiay gives a most absurd title to his book. 
No one could possibly imagine from it the character of the 350 psfrea which 
conadtute it. It is not at all anthropological. It is a most absurd defence of 
phrenology by a man who has no claim to be considered either an anatomist 
or physiologist. Of phienolngy may well be said what one of our ablest 
modern thinkers has aaid, vIe. " that those who have carefully investigated 
the atruciuro and functions of the nervous system should have long ago 
turned their backs on phrenologists is cot to be wondered at" Mr. Bray's 
phrenology is not based on modem re8«arch, nor on aucient investigation ; 
it is merely on the author's reasoning from facts which he is insufficiently 
acqoainted with. 

A And T'itw of Caatalion, by T. 8. Barrett. I*ndon : Provost & Co^ 
1671. This is a small but clever book by one who veiy fairly Appreciates 
the views of Mill, Bain, and Lewes. Whether he succeeds in his argument 
for a new view of causation we shall not say. The bunk can easily be read 

the course of a single evening, and we heartily commend it to our sub- 
It is a well-written and ably thought-out work. 
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pTO FOFTLAB SCIBNCX KEVIKW. 

I^ofitabU and Omamatfal Poultry, by Hugh Hper. London : Gtoom- 
bridge, 1871. This is a veiy good book, and those who care Cir poultTjr will 
find it fiill of ratuable information on the subject of the diOeraat breeds, 
and upoD the tearing, fattening, laying, feeding, and general mode of keeping 
all kinds of fowl, from bantams to guinea-fowL, turkeys, ducks, and geese. 
There aie several coloured plates, which are most creditable to the artist. 

Spi'riiualimt ond Animal Magnelam, by G. G. Zerffi, Ph.Dr. London': 
Hawlwicke, 1871. While we heartily agree with the author in beliomg 
that Kpiritualiam is a humbug whic-h ought to bo put down, we cannot 
accept his doctrine of electric acttan. It is all very wel! as an hypothecs, 
but there is not the shadow of a phyaiological or anatomical proof in its 
favour. His diagram in the comntencement is not creditable. It is based 
Upon a poor assumption. 

Description of an Electric Tekgraph, by Sir Francis Ronalds, F.B.S. ^od 

edition, Williams and Norgate, 1871. The author ahowa that ao early as 
1810 he had anticipated many of the discoveries since made. It is tmj 
creditable to him tliat be should have been so early in the field, but It u a 
pily be did not carry un his researches more fully. 

The Siacovcry of the Natwe of the Spleen— hj Dr. H. E. SilveatfiT. Lon- 
don : Chutcbill, 1870— we think we hare noticed before. The author tries 
to prove that the spleen is the left renmant of the liver. And, in fact, bis 
diapritm, which completes the inteatine by making it come from both sides 
of the stomach, and one of the tubes end in the vermiform appendix, is 
very ingenioua. Wo fear, however, that comparative anatomy is agunat 
the doctrine, which neverthelesa deserves consideration. 

I- Darwinism — by Chauncey Wright. London : Murray, 1871 — is ■ very 
clever but short essay, attacking Mr. Mivart's "Genesis of Spemes." We 
shall notice it more fully in a future number. 



Flint's Faneiei and Fitett — by Dr. Robinson. London : Longmans, 1871 
■is a pamphlet on a subject which the author sadly wants education in. 

Oeneiis and Geotoffy—'hj the Bev. G. Heoalow, M.A.,* F.L.S, — is, though 
abort, a vety masterly and readahle leimon by a thoughtful student of 
development 

yaliiral Digeate. London ; Longmans, 1871 . This is a most thoughtful 
pamphlet on the subject of epidemic disease, and especially of small-poi. 
It will well repay perusal, and though it is anonymously, it is neverthe- 
less ably written. 

A BmetB of Mr. Darwin' Theory of (A< Origin of JWim— by James B. 
Hunter, ]£.]>. New York: Appleton, 1871— is a clever and thoughtful 
essay. 

Natural Hiftorij Traniactiont of yorthumherUmd and Dttrham. VoL IV. 
Fart L Williams and Norgate, 1871. A most valuable work. As good u 
any preceding number. Full of valuable papers on zoology and pt^iBont^ 
logy, and illustrated by a series of most admirable platea 
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ASTRONOMY. 

'/ 'HJi Tiial Hclipse (^ Deccmher 12, 1871. — We have most promiiiing 
Dews from the eclipse expeditions 'to Indifi and Cejlon. Mr. Pogaon, 
the GoTernment astronomer at Sladms, etationed during the eclipse at Ave- 
D&ihj, telegraphs to the Astronomer Rojfd that the weather woa fine, and 
the t«le«copic and camera pbotographa euccessfiil, that good sketches ^ere 
taken and good polariscopic work acbieved. His telegram adds that "many 
bright tinea were seen in the Bpectrum," hut whether the spectium of the 
prominences, nerra, or true eolar ntmoapHere, the telegraphist sajeth not. 
If the corona is referred to, the news is of extreme importance, provided 
stwsji that an analysing and not no inte^sting spectroscope were employed. 
Colonel Tennant had not quite such favourable weather, fur he speaks of a 
thin mist (the same sort of weather as be bad in the eclipse of 1868) ; yet 
di good photographa were taken. He was stationed on Dodahetta, near 
Ootacamund, the faTourite sanitarium of the Madras Presidency. The peak 
of Dodabetta is 8,640 feet above the sea-lerel, and it is probable that the 
actual station of Colonel Tennant's party was higher than any spot at which 
tlie phenomena of a total solar eclipse hnve hitherto been observed. The 
baie cannot have been very thick when good photograpba could be taken 
At the nt« of six within two minutes. As respects the comparison of the 
photographs taken by Pogson's and Tennant's parlies, it is fortunate that a 
•offident distance separates Arenoshy and Dodabetta to prevent any sugges- 
tion that tbe same atmospheric peculiarities would be observable from the 
two stations. The stations are about forty roilea apart. The circumstances 
of elevation also are so diSerent as to preclude all possibility of deception 
tiam thb cause ; and it appears Irom the telegrams that the condition of the 
atmosphere was unlike at the two stations. So that since several photo- 
graphs were taken at both places, it is reasonable to expect that the question 
of the corona will now at least be disposed of. If photographs have been 
taken in South Australis, another kind of evidence, bearing closely on the 
question of the coraoa's constitution, ivill probably have been secured. 
From Mr. Lockyer's party in the north of Ceylon we have the announce- 
ment that splendid weather prevailed, and that most satisfactory and inte- 
testing observations were made. But Mr. Lockyer does not vouchsafe any 
information as to their nature. We hear, however, from Mr. Davis, the 
pbotogTspher sent out with this party at Lord Lindsay's expense, that five 
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pbotognphfl were taken, showin); oa eitensive coroiia, with pemst«iit rifts. 
M. JuuMD t«legTaphs that the npectrum of the coroDA demonstrates the 
eu*t«Dce of matter outside the boIbt fttmosphere. 

The spectroscopic observations vill piobsblf prove to be ecucelj Um 
Lmportaut thsa t^e photographic work. Colonel Tenruuit, id puticulu, 
uiDOunces the complete coQHrmatioi) of Professor Young's ofaiervatioii, that 
hundreds of the Fraunhofer lines — if not all — are reversed at the moment 
of totality. It may now bo accepted as certain that the true solar atmo- 
Bpbore lies above the photosphere, and not below, as Alt. I^ockyer supposed. 
This, indeed, was accepted as demoDatrated, by nearly all who read Professor 
Young's account of his observatiun. Hut it seems to be becoming' a rule 
that ^1 facts relating to the solar surroundings should be demoDstrated two 
or three times before being definitely accepted. 

Jiacord* of former Total Ecliptta. — A moat important addition has been 
made to our kuowledge respecting the phenomena of eclipses by the collec- 
tion of all narmtives and pictures relating to the eclipse of December 1670, 
and to the "Ilinuilaya" eclipse of 18U0. This work has been mainly carried 
out by Mr. A. C. Itanyard, one of the bonoriiry secretaries of tbe Organidn; 
Committee for the former eclipse, '\^'e understand that great light has been 
thrown on tbe question of the corona (so lately a itxata quiettio), by the 
comparison of a vast array of pictures. 

But then the Treasury unfortunately declines to sanction any expenditure 
of the public money for publishing these valuable records, embodjin); not 
only the results obtiuoed by the two expeditions which the Government 
was good enough to assist, but also the fruits of many months of patient 
labour. Surely tbe capadty of our Ooverament for " declining Co sanction'' 
is worthy of attention — not, perhaps, altogether sdmiring. 

Amasing Solar Outburst. — On September 7, 1871, Professor Young, tbe 
eminent American spectroscopist, whose discoveries during tbe Amerion 
and Mediterranean eclipses have been honoured by such careful BuropMO 
confirmation, observed the moat remarkable solar eruption yet witnessed bj 
astronomers. The circumstances are detailed elsewhere in these pagea It 
is probable that they will receive confirmatioo ere long; but in the mean 
time they may be received without a particle of hesitation by ail who are 
not working in tbe same field. 

The Solar Corrma. — In the second part of his paper on this subject (mip- 
plemenlary number of the " Monthly Notices "j Mr. Proctor cousideis the 
evidence derived from the microscopic and chemical aoalyses of meteorite* 
in favour of tbe theory that matter is propelled from our sun and his fellow 
eona in such sort as to pass away beyond their domain. Combining this 
evidence with Zullner's observations of brilliant linear dashes passing OTer 
the whole length of the dull spectrum on which the prominences are Been 
by Dr. Huggina'a method, and with the results of the researches of De Is 
Rue, Stewart, and Loewy into the behaviour of tbe solar photosphere, fae 
infers that there is sulEcient rensoa for considering with attention the erup- 
tion theory of the corona. The bearing of Professor Young's observation on 
tbii somewhat startling theory will at once be recognised. At tbe last 
me«ting of the Royal Astronomical Society Mr. Procter rend a paper dis- 
cussing this point ; and afterwards Mr. Unnyard mentioned that l*rofesii>r 



stakes regarded the poUriscopic ubaervations of ibo corona as seeminglj 
implTuig the exiatence of minute melaltic crystals, situAted and moving 
much ns tKo theory advowted by Mr, Proctor appeared to require. It 
ibould be added that Mr, Kanyanl had himaelf inferred, from polaiiacopic 
ebwTVklioiia of tbe zodiacnl light by Mr. Burton, that either ''it coaaista of 
matter in particles ao Bmnll that their diameters are comparable with the 
««T»-]eDglh8 of light, or it coDsiata of matter capable of giving Bpecukr 
feflexioD." Either view (or the two views accepted together) would aingu- 
Url; cooEirm tbe expulsion theory. 

Tht imagintd Change ia Ike A'ebula turrou-nding Eta Argus. — Mr. Laiuell, 
Rendent of the ABtronomical Society, baa expressed the opinion tliat Mr. 
Abbott's evidence is altogether ineuflicien£ t« establish the imagined changefl 
ofthia wonderful nebula. Mr. Proctor, who had been (aa was the Aatro- 
BOmer Boyal) one of the believers in a change, has expressed his full agree- 
mnt with Capt Ilcrachera explanation that Mr. Abbott hod completely 
■iaiiiideTGtood what he was looking at. The lenmitcnte is, in fad, far too 
l^nte a feature for the aperture and low powers employed by Mr. Abbott. 
B i* a most unfortunate thing that the time of Sir J. Herscbel, Airy, Lassell, 
ad maay others should have been wasted through Mr. Abbott's carelossnesB 
od OTBiwwnfident assertions. 

AeJte'* Comtt, — Mr. Carpenter, of the Greenwich Observatory, remarks 
ffqecting this object, as seen with tbe transit circle and the great equatorial, 
"I was able to make out a considerable extension of the illumination 
bejmid the bright fan-shaped condeusalion, but on one aide (the spreading 
lide) only. On the opposite side this dilTused illumination appeared to be 
cut ofT nearly in a stnught line immediately behind the apex of the fan." 
Db adds that " the comet was easily seen in the finder of the great equa- 

Inferior Conjunctian of f'atut.—On September 20 Captwn Noble observed 
Vetiaa I b. 37 m. after she had passed her inferior conjuaction. The state of 
the atmosphere :va» too bnd to admit of any attempt at miccometrical 
meaaurements, but be estimated that her illuminated crescent occupied a 
little more than a third of her circumference. lie remarks, " My chief 
reason, however, for putting this obeerration on record Is that I quite failed 
to see the dark body of tbe planet, which, under analogous conditioas, haa 
always been visible enough before in a constricted field. Doubtless the 
WTtttebed state of tbe ur may have had something to do with it ; but is it 
poanble tbat the bright background (whatever it may be) on which Venus 
ataj be projected, varies in lustre P '' We should say It is not merely pro- 
bable, but certain, that the lustre of the corona is variable. 

T%t Consfrurfi'on <i/ tht Scaveta. — Mr. Proctor, speaking of tbe evidence 
respecting the construction of the heavens derived from bis chart of 324,198 
stars, remarks (" Monthly Notices " for November), " Struve's general con- 
clusion that the stais of the first nine or ten orders of magnitude are more 
densely n^egn ted along the galactic rone is abundantly justified. But 
iostead of a gradual increase of density such as his statistics suggested, we 
recognise in the chart a distinctly marked aggregnlion witbin those very 
ngions of the heavens where the Milky Way is brightest to tbe eye. In 

K words, we have clear evidence that it is not towards a certain zone 
U II.— HO, JtLU. a 
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tbat the st&is are gathered, bnt into those iireguUr cloud-like mRseet^ 
those Btieuue, piojectioiLi, and interlacing hrancbea, which comtitate the 
Millty Way sm it ie actuaily presented oo clear nights to our study," " In the 
chart, howeTCT, we see Ihs projections earned much farther aw&y from, the 
. mwn branch." " A eircuniBtnnce of some interest is lo be recognised in the 
fact that the branchingeitenaiona are found to lead, in almost every instance, 
towards regions of the heavens where mnnv nebulie exist." 

A A«io SoaUiem Obsrrtatory. — It is probable that before many years are 
passed flatxonomera will be able to extend the system of chsrtdng advocated 
and practised by Mr. Proctor, to the southern heavens. At the Cape obser- 
vatory Mr. Stone is already bnsily at woih reducing the observations mado 
during the laat fourteen or tifteen years. Dr. B. A. Gould writes to the 
Astronomer Royal respecting the present position of the work at the n«w 
observatory of Cordoba. The special instrumental observations which Dr. 
Oould bas in purpose have not been commenced, the observulory not 
being yet sufficiently complete ; but considerable progress has been made in 
Uranometry. Dr. Oould has a catalogue of over 7,100 stars viable to the 
naked eye on good nights, reaching to the magnitude 6'0. The space within 
which these stars He is about -58 7 of the complete celestial sphere ; and 
therefore the numerical richness corresponds to about 12,100 stars for the 
whole heavens — a much larger number than is usually supposed to be 
visible to the uaked eye. It will be interesting to notice whether the 
seemingly remarkable richncaa of the southern heavens as thus newly sur- 
veyed corresponds to the peculiar distribution noticed by Mr. Proctor, who 
remarks, in the Preface to his larger Sfar-Atlas, that 1,132 stars may be 
counted in the south polar maps, as against fewer than 400 in an equal 
northern area. 

On October 17 the observatory is to be fonnnlly inaugurated, and Dr. 
Qould has good reason to believe that within a month from that day he 
will be able to bepn the work upon the zones. 

He remarks incidentally that hitherto he has only been able to study the 
great Argo nebula with " a letescope of about five inches in aperture" (much 
larger than Mr. Abbott's), " placed upon the roof of his house. But such 
observations as I have hitherto been able ta make, compared with the 
drawing in Sir J. Herschel's ' Cape Observations,' have tended strongly to 
impress me with the conviction that the alleged change is altogether 
imaginary." 

Flanettfor the Qaarier. — Venus 'will be a jnoming star, and, on the whole, 
favourably placed for observation nt the beginning of the quarter. Jupiter 
and Uranus come to opposition respectively on January 1G and 19, and are 
therefore very favourably situated for observation. Neither Mars nor 
Saturn will be well placed, Satum*heing in conjunction on January 3, and 
Mars passing onwards lo conjunction (which will take place on May 17). 
Mercury reaches his greatest westerly elongation on January 24, his greateet 
easterly elongation on April 5, 
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BOTANY AND VEGETABLE I'lIYaiOLOGY. 

The Flora of BraxS, — Part 50 of the great work of MASirra, continued 
b7 ^cbleT, -whB issued eonie time since. It is occupied by Mr, Bentliam'a 
«aitinuation of the Leguminoste iy'iz. SwartaetB and Caialpineir), in 254 
pages of letter-presa, fully illiutrated by 06 plates. The Sicartziea form 
DOW only the ultimate tribe of FapUionacem. Among the figures are to 
be found one of Guilandina Bonducella nud of a related species, now re- 
duced to Cittaipinia, of Parkinionia aciiUata, and of Cauia Chamacntla. 
TbpT« are 180 Brazilian species of Cauia, no small part of the genus, the 
mnch desired monograph of which, ptepnied more than two years ago by 
Sir. Eentham, is probably now printed. 

Thf Slracture of Lejiidodendra and Stiffmaria appears to have been very 
fully made out in a paper read before the Royal Society by Professor 
WiUiamson. In this paper he describes the etructure of specimens of 
Lipidodatdra tetagtnoidet, and appears to make good the conclusion that it 
has an imperfect exogenous structure. He obserres that it has a central 
mednllary axis, which is closely surrounded by a second and narrower ring 
alto of barred vessels, but of smaller size, and arranged in vertical radiating 
laminie, " which are separated by short vertical piles of cells believed to be 
medullary rejs. In a tranavcrse section the intersected mouths of the 
TCMcl form radiating lines," and the structure ia pronounced on early trp« 
of an exogenous cylinder. From this cylinder alone the vascular bundles- 
gcisg to the leaves are pven off. He describoH Stu/maria (" well-known," 
he •ye, " to 1» a root of Sigillaria ") as having " a cellular pith without any 
trace of a distinct outer zone of medullary vessels such as is universal 
smongst the Lepidotleadra. The pith is immediately surrounded by a thick 
ind well-developed ligneous cylinder, which contains two distinct sets of 
primary and secondary medullary rays." Other facts stated fend to show 
that these plants are of the Lepidodendroid type, and Professor WUliamsoD 
fltenfore includes the Lepidodendroid and Sig^ariaa plants in a common 
baulj, making them, along with the CalamUere, to constitute an Erogatoia 
diviaion of the vascular Cryptogams, while the J^ems belong to an fiiiiijejioiM 
division, "the former uniting the Cryptogams with the Exogens 
the Cycadete and other Oynmosperms, and the latter linldog then 
En<log;ena through the Palmocete. 

Coccoiit/u not AnimaU, but I^antt. — The recent investigatio: 
Ilenry Carter, F.R.S., would seem to put it beyond doubt that these t 
vegetable organisms. They are what Professor Huiley first thought them 
to be, not what be subsequently supposed in connection with his iSath^biue. 
Ut. Carter eays, considering that the coccolith is so abundant in the 
Laminarian zone, and so voraciously fed on by the Echinodermata and 
Aecidin ; alao that it is eo nearly allied to Melobetia cakarea, that it forma 
the bed of the Atlantic, ond is found fossilised in the chalk, he cannot help 
infaning that it is a vegetable organism -nhich contributes chiefly to form 
Ifae calcareous deposits of the present day as it has done in the past, at all 
eventa in the chalk. 

temiplwe <f Smb.— Professor Lange, of Copenhagen, \aB. ■^ 
Suanitk. 7Ji&*y? fin DmishJ m interesting papei upon ibia auViy.A, 
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-wbicli, u botAnisU know, often fimiisbes excelleDt cliancten to distingnuh 
ctb^rwL'e rimikr EpeciM. lie Ire&la here of Pj/rt^acta, Dnttmtea, Ckrat- 
tium, and e«]K>ci«tly of /WinJons, with illiutntioiu. In two pl&tea, filled 
with beautiful coloured figures, the seeda of 25 epedes of iWtcufanj An 
Btrihuglj depicted. 

The Studii of Mmutt Fungi. — Some very useful practical remarks on 
this subject appear in tha " Americnn Naturaliai," bj Dr. J. S. Billings. Ba 
BSfB the attempt at a phygiological clasaificattoD of tbese orgiutisms bM 
jret prematuie, the mere morphological da^ificatian being still «u veij 
incomplete that it is impossible, from published deacriptioiis, to identi^ 
much more than half of the minute fungi which hare been deacribed, 
while a vast number have been collected aad named which hare neTsi 
b«en described at all. He does not, therefore, recommend the microscopiat 
who proposes to undertake this study, to trj to do more at Sitt than 
to recogniie genera, and be furthermore adrises him to contina his work 
for ft time to half-a-dozen species which he can get named for him hy aoma 
one who haa the necessaij JaciliLies for ao doing in the nhapc of identified 
specimens. For instance, having ascertained that he has a specimen of 
ValM t/eUuiala, let him 6rst see whether he can get the spores to germi- 
onte. First, he may try them with a little water on some form of growing 
slide, the simplest form of which is to take the slide with the spores on it 
covered with a piece of thin gloss just as he has been examining it under 
the microscope, and laying it across a narrow dish of water (a soap-dish or 
toothbrush-dish is jujst the thing) let two or three tbteada lead from the 
water to the edge of the thin glass cover. The growing slides of EoSinan, 
De Unry, Vr. Maddoi, and those described by Dr. Curtis and the author in 
their report on fungi in connection with the Teias cattle fayer, are all good 
and useful. The spores should tie tried not only in water, but in Suida 
which will BfTord them some nulximcnt, such ns juice of &mts or planta, 
Pasteur's fluid, or on such media as a slice of potato, or blotting-paper soaked 
in lemon juice. 

Jlypercotyledunart/ Germination is a somewhat rare event Dr. Asa Oray 
says (in " Silliman's American Journal ") his attention has been called, by 
Mr. Guerineau, the gardener of tlie Cambridge Botanic Garden, to a re- 
markable instance, which occurs in all their seedlings of Delphmium nudi- 
cau/e,the unique red or red-and-jellow-flowered species of California. As 
this eperies is now in European cullivatjon, and s probable variety of it, 
1). Cardiiiale, was raised and figured in England several years ago, the pecu- 
liarity in question is likely to have been noted ; but he has seen no account 
of it. In germination, the slender radicle elevates n pair of well-formed 
ovate cotyledons in the usual way. These acquire full development; but 
no plumule appears between them ; consequently the primary axis ia here 
arrested. Soon a naraifnrm thickening is formed underground at the 
junction of the lower end of the radicle with the true root: from this is 
produced a slender-petaled 3-lobed leaf, which comes up by the aide of the 
ptimavy plantlet ; soon a second leaf appears, and so on, setting up the per- 
■uauent axis of the plant from a bud which thus originates from tho rery 
base of a well -developed radicle, if not from the root itself. 
Jimllon't " Uittmre des 'Hmda.'' — This fine work, though it baa made 
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eoniiderable progreea during the year 187!, is yet iinfiuialied. Two niono- 
gnpba were issued — those on UtTiiiperi/tneeis and Scrbaidaceit witli 73 
iUiutnitiori»,and oo Sijmphvacea with 34 illuatratioDS. M. Baillon fullowg 
OUT chief English boConiitd in referring the Lnrdaabalea to the Berberidacta. 
Some other peculiarities are of inipartfliic». The author doesnot seem to have 
Doticed the fact pointed out in " Silliman's American Journal," that Podo- 
phyllum occaaionaily exhibits more tbaii one earpeJ, and he signifies a doubt 
whether the pulpy Inveetaient of the weds is an arillus. There are some 
other pec^uliarities in the worli which are worthy of notice by the English 
botanist, more especially as Lorell lleeve and Co. publish an English edi- 
tion of it. 

The Arrangemtnt nnd Morphology of the Zeafet of Baptuia perfoUata. — 
A paper on this subject boa been read by Prof. Gray for Mr. Kavenel at the 
last meeting of the American Association. It bad been hastily supposed by 
Prof. Gray that the leaves were five-ranied, Mid became one-ranked by a 
continuous toiaion of the stem. Mr. Ravenel points out that the phjllotaxis 
of the plant in question ia really of the two-ranked order, which in><pectioa 
of the growing shoots makes abundantly clear, and that they become one- 
tinked by the alternate twisting of the successive intemodes right and left, 
I*. (., one twists to the right, the next ns much to the left, the next iu the 
oppoate direction, and so on, thus bringing the leaves into a vertical posi- 
don all on one side of the horizontal branch. It occurred to Mr. Itavenel 
th>t this vertical position of the leaves was correlated with the remarknbla 
tlt«niale toraion of the asifl, natneiy, that the leaves on the reclining 
btancbes were adjusting themselves so as to present their two faces as 
sqoAUy Bs po^ible to the light, ns ia done by those of the compass plant in 
I efferent way ; and tliat it was therefore probable that the stomata would 
te foond to be as numerous on the upper face of the leaf as on the lower. 
A nucroscopical examination proved the correctness of Rlr. Eavenel'H con- 
JMtore; Uieslomataare about equally numeroua on the two faces, Whether 
the leaves take a vertical position because the stomata occupy both surfaces, 
orvrhether the stomala are so distributed because the lenrea stand edgewise 
to the lenitb, is a question. The fact ia that the two are thus correlated, 
■nd such correlation ia ordinarily essential to the well-being of the plant. 
It may be remarked, however, that the atomata do not manifestly appear 
until the leaf is pretty well developed. Also that this distribution of tbe 
rtomatn is peculiar to the species in question.— Si(/i'niaii'» American Joumtd 
of Seience, October, 

The Sun-deic (Droacra) at a Fli/-ca!E>ier.—X lady, Mrs. Treat, writes of 
the properties of this plant en folhin-s. Sbe says, " For several summers I 
hare t<^en Ih-otera rotiaidifoUa, D. ionpifulia, and D. JUifoKa from their 
moiBt beds, and placed them in sand and water in such a way that they 
made most charming windaw-plants. What I take for D. hngifulia has 
^tnlate, oblong, reddish leaves, and long erect reddish petioles covered with 
gianda like those of the leaf, Tliia species I find a much more effective 
By-tnp than D. rotundifolia, tbe name of the plant in my window this 
MDnmer : ahuost every leaf held a common bousedy prisoner until it died, 
lad it did not take the leaf very long to fold amply round ita viotim. My 
bubaad was terribly shocked, and thoug'bt it the most CTu.e\ x\iid^ \iq e\«,T 
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saw in nBture; but n^Ith mj preposaesaions and Labits, both as m eata- 
mologist and a housekeeper, I naa contentedl; interested to tue the work 

Cl>avge» m t/ut PusHion of Orniiu of ChlorofhyU b;, Sun-^i-jht—yL Bopodin 
baa found that thia takes place in the higher ciyptogamia and in the phnne- 
TOgamia both aquatic and terraatriai [aee Ann. dss Scimcet tiaturttlet, tec. 
6 to 12]. Lemna, Ctratap/ii/ltum and Collitriche are among the aquatic 
plants in which the pbenomcnon has been observed, and SleBaria m^dia 
among' terrestrial. Lonna trwdca is one of the beat planta for these obaer- 
vations. Under diffuse daj-ligbl tbe giwis of chlorophjll are diatribated 
over the cell-wslls parallel to the surface of the leaf or frond. Under tha 
direct light of the sun they are ra-pidly (within 15 minutes or leas) trans- 
ported to the lateral walls. There they are at first uniformly distributed. 
Bat upon longer insolation, mj for three-quarters of an hour, tbey became 
grouped in clusters. In darkness tlie chlorophyll is likewise upon the lateral 
wslla. Thua absence of IJgbt praducea esaentially tbe same effect as direct 
Hunabine, but less strikingly. \MiGtheT these changes are paasive and camed 
by moTementa of the cotourlesa protoplasm, as Sachs supposes, or active, ia 
not made out. But the movements, according to Borodin, are in response 
only to the more refrangible rays. 

Ikciimpoidtion of Carbonic Add by Lenset, — M. Deherwn has pubtialied 
an important paper on this subject and ti/nopmi of the amount of water 
which evaporates. Among some of his more important concluaiona are tbe 
following: — (1.) That the transpiration of water continued indefinitely, 
and quite conatantly, in a saturated atmosphere. (2.) This eTaporation, 
copious in light and almoat null in darknesa, is determined by the light, and 
not by the beat of the sun. (3.) It is much greater from voting leaves 
than from older onea. (4.) And is mainly cauaed by the luminous rays 
(yellow and ted). (5.) The difference in tbie respect is manifest even when 
the le?s refrangible and more refrnng^bte rays are brought to an equal lumi- 
nous intensity. (C.) The evaporation of water ia much more copious from 
the upper than &om tbe lower face of the loot 
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CHEMISTRY. 

ArliMt of Gun Cotton oh Carn/iA or. —Professor C. A. Setltfy recenUy 
called the attention of the Lyceum of New York to a property nf gun 
cotton which he considered new, or at least unrecorded- It was well known 
that gun cotton was aoluble to a very considerable extent in nlcobol which 
held gum camphor in solution. A knowledge of this fiict bad been made 
use of in the arts, for the manufacture of an artificial ivorv, which waa 
reported to be fully equal, if not superior, to tbe genuine article. In making 
thia substance, the gun cotton is ground up with the gum camphor by 
means of water, into a pulp, and then pressed into a solid masa whilst 
being heated to a temperature of about 300° F. Taking this fart into cmi- 
sideralion, he had thought of ascertaining what would be the effect of 
eiposing gun cotton to the action of the vapour of gum camphor. There- 
fore a small quaatitj- was thus exposed in a glass tube ; the ciimphor being 
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httted to n temperature juijt high enougli. to volatiiise It. He n-u euiptued 
to find that kfter a abort time tlie tube became filled with red vapours, and 
dtimatelj the gun cotton exploded. Now, as ia the manufacture of the 
■lifidal iTOTj mendoned, the mixture of gun cotton and camphor is ex- 
posed to B much higher heat than that be bad made use of, it was a fact 
mntb taloDg into consideration, as to whether there might not he danger of 
axplocion resulting. It ia true that, ordinarilj, there ia water present bat 
toward* the end of the process this is d.11 pre^wd out, and a dr; masa is 
left. Therefore, us a precaution, it is as well to remember this fact thua 
ucertoined. 

OUuWne tn MeUore. — Mr. J. W. Slallet, in an important paper on meteors 
in " SiUimaD'e .Founml," says be feels aatisfied that the chlorine is not 
of meteoric origia — not an essential constituent of the original masses — 
but has been derived from the soil in which the iron baa lain imbedded. 
The exudation of watery drops containing metallic chlorides la observable 
oalj at points on the outside and on cut surfaces along the lines of fissures 
tom a nnicMtti n p with the outside. Although chlorine is mentioned above as 
(mmd in the general aualf sis of tbe planing-machine shavings, he foiled 
altflgetbi-r to detect it in a specially-selected solid piece of some fifty graau 
Uken iJom a part destitute of fissures or flaws. 

SunthetU of Oil of Rue. — Herren Gorup-13esanez and Grimm have lately 
Kceeeded in forming oil of rue synthetically ('■ Ber. Berl, Chem. Gea.," iii 
Sifl, and "Chemical News "). Starting from the fact first suggested by Hall- 
wa^is, and confirmed by HarbordC, that tbia oil is a mixed ketone of the 
formula GO { gjj '" wnce it is oxidised with difficulty and yields capric 
scid, tbey distilled together equal molecules of pure dry calcium caprate^ 
prepared from a Hungarian wine -fusel-oil — and calcium acetate. The mixture 
melta, swells up, blackens, and evolves at first a fluid smelling like acetone, 
bat afterwards an oil which solidifies in th e neck of the retort. By fraction- 
ing this distillate, three products were obtained r one boiling below 200°; 
another boiling between 210° and 245° \ and a solid body, caprinon, boiUng 
above 300°. The second fraction was purified by conversion into the double 
salt of ammonium sulphite, crystallizing &om alcohol, and decompoung by 
■odium carbonate; a colourless, strongly lefrairting oil rote to the suT&ce, 
which, when dried, distilled completely between 223° and 224 ° and had at 
17-5° C. a specific gravity of 0-62y6. Commercial oil of rue, treated ia the 
same manner, afforded a liquid distilling between 224° and 225'5° and having 
at 18-7° C. a specific gravity of 0'8231. Analysis of tbe ammonium double 
■nlpbite prepared from both, and of the pore oil both artificial and natural, 
g>T« the same result. Hence oil of rue consists e^MentioIly of metbyl- 
caprinol or nooyl-methyl ketone. 

Ipiparitiet preteal mSedaetdlnm. — The "Neues Jabrbuch fur Phannacie" 
bia a paper by Herr E. Schering, which is abstracted in tbe " Chemical 
Newe." While this substance (reduced iron) has hitherto not been obtwned 
qoita free from a more or less large quantity of sulphuret of iron, tbe author 
calls attention to the fact — an important one, indeed — tbnt he has met with 
samples of this medicament which, in addition to tbe impurity spoken of, 
also contain oxides and cniburets of iron, and even cyanide of '^tas&iaia, 
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due in all likelibood to the repreliensibie pnu:tice ofprepsiiDg tlie reiduced 
iron trom the reeddues of the preparatioa of cjftoiJe of potassium from the 
fetrocyaiiide of potassium. It ia therefore ndvi^ble for pharmiiceutiats^ 
teat the ftmim hyiirogenia rcductum thej purchase for the preBence of lie 
cyanide alluded to. 

Irifluaice of Sent on Bromine. — Professor Andrews rend a paper baforc 
the British Association od " The Action of Heat on Eromine." If a, fine 
tube, he said, is filled oue-half with liquid bromioe and ooc-half with the 
vapour of bromine, and, after being hermetically sealed, is graduBlty heated 
till the temperature is above the critical point, the whole of the bromine 
becomes quite opaque, and the tuhe has the aspect of being filled \rith a 
dark red and opaque resin. A measure of the chnnge of power of traiu- 
nutting- light in this case may lie obtained b; varying the proportion of 
liquid and vapour in the tube. Even liquid brotuine transmits much. less 
light when heated etrongly in on lierDietlcoUj sealed tube than in it» 
ordinary state. 

A Manganest Deposit in a Well. — Dr. EmerHon Reynolds submitted to the 
Bridsb Association (Edinburgh) the result of an analysis of a singular 
depoat from well water. He stated that in the exnmiaatiou of « sample of 
well water used in mashing paper pulp, in a mill near Dublin, he had found 
that a black deposit formed in the water consisted almost wholly of an oxide 
of manganese. This deposit he found arose from the gradiul oiidatioji of 
manganouB carbonate, present in extremely minute proportion in solution in 
the water. 

The Direct Substitution of the Alcohol liadicah/or the Hydrogen in Htidrie 
Pho^hide. — In the "BericbtederDeutschonChom. Gesellscbaft" (4ter Jahr- 
g*ng, p, 306), there is an able account of the above peculiar process. Ab- 
solute alcohol heated with iodide of phoaphonium yields hydric phosphide, 
etbylic iodide, and water. Ilofmann has employed this reaction in a beau- 
tiful process fur obtaining the iodides of triethyl and tetrethyl-phosphonium, 
which conusts io simply heating one molecule of iodide of pha<>phonium 
with three molecules of absolute alcohol in n senled tube for ail to eight 
hours at 180° C. Under these circumstances, the ethjlic iodide acts directly 
upon the hydric phosphide to form the iodides of the substituted phoapho- 
niums. After cooling, the tube is found filled with a beautiful snow-white 
crystalline mass, which dissolves in water to n perfectly co1ourli>es solutioD. 
The crystals are a mixture of about equal proportions of the iodides of tri- 
ethyl and tetrethyl-phosphonium. A solution of sodic hydrate separafea 
triethyl-phoaphine as a colourless layer of liquid. The solution then gives, 
on evaporation, beautiful uystals of the iodide of tetrethyl-phosphonium; 
the triethyl-phoBphine, as separated by means of a funnel, is chemically 
pure. Tbe iodides of trimethyl and tetramethyl-pho.'<phoniuin were wuily i 
prepared by the same process. In like manner allylic alcohol, phenol, and I 
glycerin gave promise of a rich h arrest of new results, ' 
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mml in tlie oiiiw "/ Thermal Sprinifi f— This question is asked in 8 paper 
in Ihe " Geological Magazine," by Mr. Renry Woodward, F.G.S. lie thioK* 
'" ~*ter descending: to deep levela m llio attsA*iiieeV*B.\.«a'sa«^WD!fwyik 
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Bteun ftt n high {emperature, which, beinff converted into wnter by contnct, 
nisee the temperature of the water, whkh in turn, na the stare of heftt is 
mecumulated, rises hj renta and fissures to the surrace in the form of thermal 
ipringB. There seems no doubt that hot springs bare a direct conoexina 
with Tokanoes. 1. Hot springs are present in all volcanic areas. 2. Where 
sot connected directl; with volcanoes, thej are found eiluated, as in the 
^reneee, the Alps, and the nimalajas, upon lines of dislocation and dis- 
toibiDce, where Tolcanic force, if not visible at the surface, has been in 
^enttion far down beneath. 3. Ilot spriogs distant from Tolcitnic disturb- 
aacM ftre nevertheless aiTected bj them. Thus the " Source de la Reins," 
at thft baths of Lucboo, in the Pyrenees, was raised suddenly during the 
gnai earthquake of Lisbon in 1765, Irom a tepid spring to 122°Fnbr.,abeat 
irUch it has eiiice retjuned. Although springs, as a rule, carry carbonate of 
BtDB and sulphate of lime in solution, the hotter thermal springs alone con- 
tun larg" quantities of silica in solution. For example : the hot spring of 
St Michael, in the Azores, having a bmin 30 feet in diameter, is surrounded 
by layen of travertin many feet in thickness, composed of siliceaus matter 
deposited on wood, reeds, ferns, &c. Th« hot springs of New Zealand are, 
perhaps^ the finest, exceeding even the Great Geyser in Iceland, which alao 
deposits enormous quantities of silica from its waters on cooling, originally 
held in solution. 

Ij^/tdioH of Criiioids bi/ Silica. — A Silurian limestone which was recently 
examined by Dr. Dawson, was, saya Dr. Blerry Hunt, F.R.S., found by him 
to consist almost wholly of comminuted organic remains, including fragmenta 
of trilobites, gasteropods, brachiopods, and joints of small encrinal stem" 
Utd plates; the whole cemented by calcareous spar in a manner similar to 
many organic limestones. He observed, however, that the pores of the 
erinoidal remains were injected by a peculiar mineral, readily distinguishable 
in thin transparent sections, or on surfaces which hod been exposed to the 
action of an acid, which dissolves the carbonnte of lime and phtces in relief 
the injecting mineral. The minute structure thus revealed is precisely 
nmiUr to that of recent crinoids studied by Carpenter, and will soon be 
described and figured by Dawsnn. Decalcified specimens exhibit a congeries 
of curved, branching, and anastomowng cylindrical rods of the replacing 
mineral, sometimes forming a complex network, which under the microscope 
tesemble the coralloidal forms of oragocite known fis Jlot frrri, and presents 
frosted crystalline surface. The same mineral, as observed by Dr. Dawson, 
oecanonally occupies larger interstices among the fnigments, and was evi- 
d«atly deposited before the calcareous spar which cements the whole mass. 
When tl^s limestone is dissolved in dilute hydrochloric Rcid, the residue, 
washed by decantation, equals from five to six per cpnt of the weight of tha 
inaas, and is seen under a microscope to consist entirely of the casts composed 
of the mineral just noticed, mixed with about one-fourth of coarse si licious 
nod. This matter is pale greyish-green in colour, but when calcined becomes 
of a bright reddisb'brown, without change of form. 

The Bouidtr Drift and EiktrUiU* of Ireland.— &ixmc)itaAOnm^t\i,'F.V..E., 

deacribcd these to the British Association (Edinburgh), and also the position 

tnd compontion of the erratic blocks of that country — a subject to which 

^AiabM paid much attention fl>r the last sixty years. By the ail ot ft co:^, 

^^^ttdamsibedtbe rocks, and showed that the boulder dA[tNr8>aQ\'i»\^ui«^'^ 
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other drift. The E^ker drirt, he E&iJ, waa formed subsequecU;. These 
driftB are a remarkable fenture ia the landscape in the Irish countieB in 
vhich thej exist. Tbej are in the form of \oag rid^s, which tiBveive the 
centre of Ireland from cut to west, and on reaching the tbIIb; of the Shan- 
non take a north-westerly direction. After showing the peculiar compoai- 
tioa of these drifts, he described th« iinmanae erraiie blocks which are met 
with in manj parts of the country. All of them are angular, and had evi- 
dentir been troDsported on ice b; a current from the north-west, as the most 
remarkable of them are the porphyrite jranite of Wast Galvray, 

Ur. Carpentei'i ^xcuiations eonsidered by the Americaiu. — Dr. Carpen- 
ter's idea that we are living in the chalk formation does not find manj sup- 
porters in America. In a recent paper read before the Lyceum of Natural 
History of New York, I>r. Newberry, the president, add " that the conclu- 
sion drawn from those discoveries, that they overturned fpologicalclaaidficai- 
tioD, was simply absurd. These explorations in the depths of the ocean had 
proved only this : that there had been less change in the fauna of the depths 
of the ocean than in that of the shores, and that a few forms characteristic 
of the fauna of the Cretaceous and Tertiary periods continued to exist there 
while they had disappeared in shallower water; but these were the most 
insiguiScant posable fragments of great life-groups, that had almost en- 
tirely passed away. The finding of a crinoid or foraminifer of the Chalk 
living in the ocean depths did not recall the race of the great reptiles, 
winged, swimming, and walking ; the huge ammonites and the other in- 
finitely-varied forms of the Cephalopoda, -irhich characterise that period. 
So with all the other geological ages. They w<?re chapters in the life- 
history of the globe which were distinct and well-defined, holding each its 
lelative place. Human history may repeat itself, but geological history 
never can." 

The Carboniferma FotsiU of Wett Virgijtia.^iii. F. B. Meek, in the 
" Report Regents of Univerwty W, Virginia," describes some new spede> 
of fossils from the district of Monongalia Co., viz. : Macrodon oitoktut, of 
the lower coal-measures, Kucida cnodontoida, I'oldia Slevetuoni and Y. 
Carbonaria of the coal-measures, and Philliptia Stevtmom, &om the Ches- 
ter group of the suhearboniferouB. From a survey of the epedea collected, 
he concludes that the Chester group (of the lUinois Reports) is reptwented 
in Western Virginia hy at least six Illinois species, and along with ten or a 
dozen other species which he could not identify because of the imperfect 
state of the specimens. The beds also contain Homipronite» crattiu, a coal- 
measure species, and a Ci/rtocerai and Bttlerophon, closely like species of the 
coal-measures. lie c)bserves that Honong^a County is the farthest point 
eastward at which the Chester group, or indeed any other of the divinotia 
of the suhcarhoniferous limestonea of the West, has yet been recognised. 
The species from the lower coal-meaauTM are mostly the same that occur 
in the coal series of Indiana, Illinois, Missouri, Kansas, Nebraska, tc, 
thoug-h few of them hare before been found ao fat eastward. In some of 
the Stales mentioned, nearly all of the species range through the whole of 
the coal-measures, showing, as Ur. Meek remarks, that species lived on 
through a great length of time, and consequently that the climatic 'and 
;r physical conditions of the era must have remained remarkably uniform. 
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'■dart of SepCila to Strata. — Proftasor Cope, who baa already 
tnuch dutiiiguuhed tiimavlf upon A-men(;aa pitlsontology, givea in a 
recently- published memoir Uie foUo^riiig tabular arrangement of this clasa, U 
tegtaia ita rocks, n-bicli cout^ns these lemarlu : Present Tine — Rh^chocft- 
pbsiia ; Crocodiliu ; Testudinatii ; Lacertilia ; Opbidia. Pliaceae — Croco- 
dilia ; Tealudinata -, Lacertilia ; Ophidia. Miocene — Crocodilia ; Teetu- 
dionta; Lacertilia; Opbidia. Eocene. — Crocodilia; Teatudioata ; Lacertilia; 
Ophidia. CrHaceotii, — Oroithosaurin; Diaosauria ; Crocodilia ; Snuro- 
ptCTjgia; Testudinata; Lacertilia; Pj-thonomorpba. 

The Gfoloff!/ of Salt-Lake CiVy.— Mr. W. P. Blake has written a letter 
t« Proressor Sillimac iu which hu describealiriefl;, but prettj generally, the 
geology of the Salt-Lcke City: He snys that he left New liaven hurriedly 
to reach the Emma Mice and examine it. It ia a remarkable mine. Withia 
a little more than n year it has yielded ore worth over ^,000,000, and 
thia n^thout any i^pecial outlay. It ia a great moss of soft earthy'lookiiig 
ore, the result of the decomposition of aTgentiferous galena. It is dug out 
vith ahovela and picks, sacked, and sent to Liverpool, where it sella for 
about ^176 per ton. The mass is between strata of limestone, the middle 
members of a Beries of strata orer a mile thick. The lower members are 
slate and quartzite, and rest upon the immense masses of syenitic granite 
which form the picturesque Alpine-like peaks of the Waksntcb. Theae 
strata ore all much uplifted and contorted, some of the harder beds surging 
up into peaks at least 11,000 feet above tide. The mine is at an elevation 
of 8^600 to 9,000 feet. At the bead of the cation upon the side of which it 
is situated, there is a fine exposure of eyenitic granite for about a mile, with 
rounded polished backs — roches moutonnict — probably 9,000 feet above tide. 
The«e rocks give conclu^ve evidence of the former existence there of a 
Urge glader. Much of the polish upon the surface has been removed by 
lie ftcldon of the weather, The patches that remain are dark brown in 
eolouj, while the syenite is light grey, and they show the same peculiar 
scale-like crusts seen on the partly weathered glaciated surfaces above the 
Vosemite. 

GetJofft/ of the Jtocki/ Mountain. — " Harper's Weekly," an American 
literary journal, gives the following account, which may be of interest to 
our readers. The geological expedition to the Rocky Mountain region under 
the charge of Dr. Ilayden, after completing the survey of the Yellow Stone 
Valley, left Fort Ellis on September 5, passing down Gallatin Valley to the 
Three Forks, and thence by the Jefferson to its very source, exploring 
many of its branches, and pursuing a direction nearly parallel to that which 
the party had traversed in the June previous. The valleys of the Gallatin, 
Madison, and Jefferson Forks of the MLssouii, with all the little branches, 
were found occupied by industrious fanners and miners — a contrast quite 
strildng to the doctor, who, twelve yeata ago, in exploring that same region, 
met with not a single white inhabitant. The Rocky Mountain Divide wM 
crossed at the head of Horse Plain Creek, from which the party passed over 
into Medicine Lodge Creek, following this down into the Snake Rivet 
Plain. 

RteuUi of the Coal CowimiMion.— This important Commission, which hu 
nttingfoisomeyenrs, has just published the first volume of its Regott, 
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The Eagliih conl-'Gelds ue, of courser ""'^^ especiallj dealt with — the Scotch 
coal-flelda being Bomewhat briefly treated by Mr. J. GeddM, Kid thoso of 
Ireland by Professor Hull. The vsBt amount of practical infonnation con- 
tAined ia this the first volume of the Report, shows tX once the greftt Tslue 
of the rceulu which have been brought about by the Coal Caouiiissioi). W« 
learn that we have on accessible supply of coal that nill last ftbout 276 
years, but after that the coal that will remain could Derer be worked eic^t 
under conditions of scarcity and high price. A» we approach tiia eshaoB- 
tion, the country will by slow degrees lose the advantageous podtion it now 
enjoys in regard to its coal supply ; for although other countries would 
undoubtedly be in a position to eupply our deficieucies, it maf well be 
doubted whether the DitmufncturLng supremacy of this kiuKdom can lie 
maintaiQed after the importation of cool has become a neceasi^. It ia to 
he regretted that the Commission express rather an adverse ofdoion as to 
the finding new coal formations, &c. 

The Foraminifera of the Chalk of Graixiend and Sieudon. — Prolemoi' 
Itupert Jones and W. K. Parker, M.D., F.R.S., have been publishing: some 
work together, with a review of Professor Ehrenberg's researches on thia 
Bubject) this paper is of peculiar value, but is too technical for further 
abatracL — Gfoloiflcal Magazine, November, 

Driath of Sir li. MiirchUun. — Geology has sustained a severe Iobs — a loss 
indeed which it would be difficult to calculate — in the death of Sir Roderick 
Impey Murchison. Although at the ripe age of eighty years, it is a loss which 
geologists and geographers ore alike called upon to mourn. " In relation 
to both these sciences, ho has for many years justly occupied the most pro- 
minent positions. But, apart from hia high social and scientific standing, 
he was a man full of genial and kindly feeling, who could be readily ap< 
proached ; and those who knew hioi most intimately acknowledge that he 
was never known to fail his friends in the hour of need, but was ready to 
ud them with his advice, hia influence, and his purse, lu many a young 
scientific man amongst us can testify. Bora at Tarradale, in Ross-shire, he 
receive hia early education as a boy at the Qrammar School at Durham." 
The work that he has done i« enormous; the titles alone occupying several 
pages of the " Geological Magazine." 

The Iruh Coal-mea»uret.—^i. G. H. Kinahan, of the Irish Survey, read 
a paper on thia subject before the Royal Geological Society of Ireland. 
This communication was a reply to a statement made before the Society in 
January last, in a paper " Oa the Ballycostle Coal-field," by Mr. E. Hull, in 
which it is asserted that there were true coal-measures in Connaught, while 
none exist in the provinces of Munster or Leinster, as lud down in the Qco- 
logical Maps published under the direction of the late Mr. J. B. Jukee. The 
author of thin paper showed that the coal-measures of Leinster, Munster 
and|ConnHught, were identical ; therefore, if Mr. Hull's statement respecliag 
Conoaugbt was correct, his assertion as to Munster and Leinster must be 
wrong. He pointed out that the late Mr. Foot and himself wished to divide 
the coaUmeasures into four series, but that the late Mr. Jukes objected, and 
stated, "If we were to seek to force these coal-measure series into a strict 
analogy with those of other districts, we might look upon these lower black 
shales with marine fos»ls as the representatives of the upper limestone ahals 
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of DvrbTahire ; and the set of sandfltonea and flngatones No. 2 as the repre- 
■eotative of the miUstone grit of that county. It would, however, be im- 
potmbU la thesouth of Ireland to dravr any recogoisable bout) dorr subdividing 
the coal-meK4ure series, and the attempt would, therefore, only teod to con- 
furioft." The author neit pointed out that paliconlologically the coal- 
meuoies ol KiUcenuy, Queen's County, LJmericli, Clare, Kerry, &c., were 
nmilar to those of Coalbrookdale, SlaSbrdBhire, and other places in Eug- 
Und. 

The Genlogy rtf Ckrmont, AuvtTgne.~)At. R. G. Symes, F.G.S. (Royal 
Geological Society of Ireland), has published an account of his enquiries in 
thii district during the summer of 18ro, when he visited the district in com- 
pany with Mr. Leonard. The paper describes the result of their observations 
on the plutonic, aqueous, and volcanic rocks. The country chiefly exa- 
mined vaa that between four and five miles west of Clermont The granite 
u deacribed ns generally consisting of two micas (margarodite and lepido- 
melane, the latter predominating in nearly every case over the fjrmer), one 
felcpar (oligoclose), and the other glassy quartz. It was found to decompose the 
more readily as it approached volcanic rocks. The aqueous rocks, of Upper 
Eocene or Miocene nge, are briefly described as consisting of grits, marls, 
wid indudnl limestone or travertin. The grits are for the most part com- 
poced of the debris of granite and bnsalt, bound together by a siliceous 
cement. Mr. Symes obtained a specimen containing a well-rounded pebble 
of basalt : afactof some iaiportaace,aBScrope and Lyell remark that no traces 
of volcanic rocks occur in these beds. In regard to the volcanic phenomena, 
the infereDcea drawn are : that the condition to which the volcanoa are 
Kferable is that in which eruptive paroxysms of intense energy alternate 
with lengthened periods of complete inertness ; that the cinder cones, 
domitic hills, and recent lavas, are all due to one violent paroxysm spread, 
over an area twenty miles long by two broad ; that the presence of two such 
different rocks as baaalt and trachyte, in close juxtaposition, can only be 
accounted for on the supposition that the rocks from which they are derived, 
namely hornblende rock and some highly felspnthic rock (such as granite), 
ware in contact prior to their being reduced to the forms we now find them 
in ; that the granite plateau was very much in the same condition prior to 
the deposition of the lacustrine strata, aa it Ls now ; that prior to the deposi- 
tion of the lacustrine strata this district was probably the seat of volcanic 

Life of Profator J. Biete Jukca, M.A., F.R.8.—The life of this eminent 

geologist has been prepared by the loving hands of bis sister. It possesses an 

excellent portrait, and extends over about six hundred pages. It is fidl of 

j&atter interesting to geologists and to those who were acquainted with 

ifesaor Jukes, but of course we caimot abstract it here. It is published 

Chapman & Hail. 

A new Fith, Phaneropleuroti tUgoM, has been discovered by Frofessor 
of Dublin, and is described by him in the "Geological Magazine " 
fot December. It seems to be a fish very closely resembling the Phimero- 
;>lMron .ilnirrtoni of Tluxley, but differing from it in its smaller size, in its 
■omewhat more slender form posteriorly, in the smaller depth of the tower 
lobe of the caudal fin, and apparently also in the greater extension forwards 
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of the donal fie As it is evideotlj nt least specifically dlatiiict, he proposes 
to bestow on it the title of Phaneroplmron elej/ana. The genus JHan«iv- 
pleunm h thus common to the Upper Devocian and Lower Carbouifeioiu 
formatioiu. It is one of the most iotoresting of the PalteoEoic Gancads, &a 
shonin^ the intimate telationa subsisting between the ancient Crcesopterj- 
giana with acutely lobato pectorals and yentrtUs, and the remukable recent 
tjpes Lepidoiiren, Protopterw, and Ceratodui. One cannot fml to be stnidt, 
as Professor Huxley has already indicated, with the many points of re- 
Bomhlance which thia genus hears to Lcpidoiiren, in the general form of the 
fish, in its thin circulnr scales, and in many points in the atructure of its 
internal skeleton. But from the true Dipnoi, with which Dr. Giinther now 
imites the true Devonian Diptcrut,«iA the carboniferous Ctet%odat,it diffeta, 
as is well known, moiteriaily in its dentition ; and the position of the nasal 
openings, so peculiar a character in the recent Xh'pttni, and in the fossil 
ZHptertig, as Giinther has pointed out, remains yet to be definitely settled. 
^aneropleuroTi must therefore remain, as Professor Huxley has placed it, 
the type of a distinct sub&mily of Crossopteryg^dte, viz., Phaneropleurim, 
and not very far removed &om Hotoptychiat, and other acutely lobale- 
membered cycliferous Ganoids of Pitlceozoic times. 

Death of Mr. Ckas. Bahbage, J".ii. 5.— Although Mr. Babbage was mote 
of a mathematician than a biologist, still wc may notice his death in these 
pages, because he did, many years ago, some good work in geology. He 
was bom December 26, 1702, and died at bis residence, Dorset Street, Uary- 
leboue, on the !20th Nor., in his eightieth year. He was the inventor and 
partial constructor of the famoua calculating engine or machine, which the 
world has associated with his name, and which is now preserved in the 
Museum of King's College, London. As a writer in the "Dictionary of 
Universal Biography " remarks : " The poBsibilily of constructing a piece of 
mecbanismcapableofperfotming certain operations on numbers is bvnomeans 
new ; it was thought of by Pascal nnd other geometers, and more recently 
it has been reduced to practice by H. Thomas, of Colmar, in Fiance, and 
by the Messrs. Schiitz, of Sweden; but never before or since has any scheme 
BO gigantic as that of Mr. Babbage b«en anywhere imagined." nis achieve- 
ments, says the *' Times," wore twofold ; he constructed what he called a 
Difference Engine, and he planned and demonstrated the practicability of an 
Analytical Engine also. 

Uelici of the Carboniferoia and other old Land Siiifacet, — Mr. Henry 
Woodward, F.G.S., F.L.S., has contributed to the " Geological Magaxine " 
for November an admirable essay on this subject. It is far too long for an 
abstract, but it will well repay a perusal. It deals with an immense multi- 
tude of facts, which are most admirably arranged together. 



MECHANICAL SCIENCE. 

Mr. Beiiemer'a Gun. — Mr. Bessemer has been directing his attention to 

the finbject of heavy ordnance, and has matured some veiy novel and in- 

geoiouB plans, which he proposes to put to the test of experiment. Tha 

jTcat difficulty with heavy ordnance is the enormous initial pressure gene- 
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Med hj the esploaion of the powder, a presoure which may reach 60,000 lbs. 
per iq. in. This can be modified lo some eitent by the use of large grain 
or pebble powder, which buma more slowly than powder of fioer frrain. 
Mr. Bessemer, however, proposes to secure any required reduction of the 
initial preasnre in suotber way. Instead of haTin;; a single large charge of 
powder, he proposes lo have a series of 20 to 100 smaller charges, ignited 
IOCC«fflTely as the shot travels along the bore of the gun. But this suc- 
(Mrive ignition of the powder would be less efficient than the explosion of 
a tingle charge in propelling the shot, unless means were taken to keep the 
ehot uitdiei the actiou of the powder-gas for a longer period than in an 
otdinaij gun. Ilence Mr. Bessemer proposes to increase the length of the 
gaa to SO feet. By these two changes, Mr. Bessemer is said to hope to 
pK^I shot, the weight of which may be measured by tons, not by pounds. 
Mi. Besaemer's gun, illustrated in " Enpneering," September 15, consists of 
inner tubes of welded wrougbt-iron, strengthened by steel rings, shrunk on 
with suitable initial tension. The gun is made in lengths, connected by 
flanges. The cartiidgo-cb amber is chBitibcred, and the charges may be 
McceasJvely ignited by fusees, or by means of electricity. Further, Mr. 
BewemeT suggests that rotation may be given to an elongated shot, not by 
rifling, but by the reaction of jets of powder-gas issuing from tangential 
otiflces at its circumference. The powdm-gas is supplied by a charge of 
powder burning in its interior, and the rotation is caused by the reaction of 
the jots, on the same principle as the rotation of Barker's mill or the Scotch 
turbine. 

Wood-engraving by Mtichineiy.—A process for engraving oa wood by tha 
cutting action of a sand-blast, is described in the " Journal of the Franklin 
Institute." A photographic copy of the drawing or object to be engraved is 
fbnned on a suitable matdi. This is then acted upon by a jet of sand, the 
pnticles of which have a very high velocity, so as to cut away lo varying 
depths the surface of the block. The block is then electrotypcd, and the 
engraving is printed &om the electrotype. For various cutting and polish- 
ing purposes, the sand-jet seems liliely to prove extremely valuable. 

Guitpauxler Gaugei. — M. le Commandant de Reffjo has used a form of 
gBUge for determining the pressure in the bore of lai^e guns, the principle 
o( -which has been soggested by 5L Tresca's eipariments on the flow of sohd 
bodies. A block of lead is placed in a cylindrical hole bored into the gun, 
And is anpported behind by a steel block through which a smaller cylindrical 
hole is bored. When the pressure acts on the lead, it forces it in part into 
the cylindrical cavity behind, and the volume of lead thus forced in forms 
a tneasuie of the pressure in the bore of the gim. 

S. Gothard SaHicag.— It is sMd that the 8t Gothard EailwBy, with a 
tonnel about as long aa the Mont Cenis tunnel, will be commenced very 
aoom, and that the Mont Cenis staff will be transferred to undertake its con- 
atnetion. 

ftawof Lvptidi. — Canon Mosely in the " Philosophical Hagaiine," and 

Pnifessor Coldlng in the '' Copenhagen Transactions," have been invesd- 

gUing the lavrs of the motion of water in pipes, conduits, &C. The gene- 

nllf accepted formula; are known to ba defective. They are founded on 

^Hb SKuiDption that the water moves Id plane layers at uniform velocity. 
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The new retearcbea seek to determuie the motion of tlia liquid threads, tl»t 
niotioii vuyinf^ vritli the deptli when watet flows over a plun Burface. 
Tbeao researches are too technical to be described here, but aa thej are of 
Tery great importance both practicallj and theoretically, it maj be useful to 
mention that a truialaiion of tho abstract appended to Colding'a paper haa 
been printed. Colding has applied iia results in the atudy of ocean curreota. 

Floating BreaJiwatcn. — Mr. T. Cargill has proposed the use of a particnlar 
form of floating iron bri^akwater, in preference to the immense expend re solid- 
masonry Htrui^tures now employed. He supposes the influence of the wavM 
not to extend to a greater depth than 15 feet from the surface. To break 
the force of the waves be proposes an iron floating atmcture composed of 
sections each 100 feet in length. Kach aectioo is in the shape of a triangular 
wedge with the apex towards the aea. The wedge is right angled and has 
one horizontal and one sloping surface. The horizontal surface b neaily 
level with the water. The aectio-n i« composed of a series of screws of 
lattice wrought-iion frrtmework. The theory ia that in passing through 
these screws the waves would bo gradually disintegrated and strained of 
their violence. The idea of floating breakwaters is not new, and many plans 
of snch structures have been proposed, and in one or two cases they have 
been tried, but without success. Nothing but experiment con determine 
whether Mr. L'argiU's designs would accomplish the end proposed in a 
practical manner. 

Domiitic Sleam Engines. — MM. Mignon and Bouart, of Paris, are sup- 
plying, on the system of M. Fontaine, a small domestic steam-motor, of 
','{ to 1 horse power. They are intended to be employed in driring lathes, 
sewing-machines, pumps, jewellers' ia6[&, &c. If the use of these engines 
becomes general, it will nfiect many industries bj enabling the workmen to 
labour at home at a vaiietyof employments which now are carried on in 
large shops. The steam is raised by gas. The boilers are vertical tubular 
boilers, with Dunsen burners. The products of combustion can be led to an 
ordinary chimney. The boiler holds water enough for several honra" work, 
ao that it does not require constant feeding, but can be filled up twice a day. 
There is a self-acting arrangement for regulating the gas flames. The 
machine weighs about 2 cwt., and coata 000 francs. — Paris Correapondent 
of " Engineering." 

Straina on Arcliei — Mr. W, Bell has communicated to the Institution of 
Civil Engineers a paper on the determination of the stresses in metallic 
arches under unsym metrical loads by combining graphic methods and calcu- 
lation. The paper is one of great interest 

pHeumaiic Deipatcli. — At the loatitato of Civil En^neers, Mr. Siemens 
read a most interesting paper on his system of pneumatic despatch tubes 
now in use in Berlin, and also in London between the General Telegrnph 
(IffiCB and Charing Cross. Mr. Siemen's system diSers in principle from 
that originally introduced by Mr. D. K. Clarke. On Mr. Clarko'a system a 
single tube was used between any two points, the carriers containing tha 
measBgea being blown through in one direction and drawn hack in the other 
by exhansling the air before them. Hence, in this system, the direction of 
the cnrreot of nir is reversed at intervals. On Mr, Siemens' system a pair 
' tubes arc laid down, one tailing the carriers in one direction, the Dtkei 
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Hioaa in tbe other direction, and the current of air i§ a steady costinuoua 
cunent always flowiiip in one dirnctaon. Along the hne of pipea are stationa 
at which carriers containing messages can h^ introduced into or taken out 
of the circuit, and a beautiful piece of appnratua has been contrived by which 
the carriers can be introduced into ur taken out nf the tubes almost instan- 
taneoiulj, and without in any waj- interfering with the steady flow of ths 
air-ciuTeat. In order to prevent any ponsibility of the blocking up of Ihs 
tubefl by two carriers jflraminR, an electrical aystera is adopted, like the block 
STStem of nilways, by which eacii station telegraphs on the arrival and 
departuK of each carrier, and tUe station to which it is sent preparea to 
r«*ive it, Although, of course, the passage of the carriers through these 
tubes is yen slow compared with the speed of electricity, yet ns somo thirty 
nie«sa^:M fully written out can be sent in each carrier, it is found quicker 
and cheaper to use pneumatic tubes than to use electric wires in cases where 
the namber of messages to be sent ddly is very great. Mr. Siemens even 
thinks that in large towns we shall ultimately employ the pneumatic system 
to distribute tbe letters from the Brancb to the General Post OfKee, and 
Tt\-v tvad. He thinks that if a complete pneumatic system were in operation 
in London between the post olGces, every letter might be deUvered at its 
denination an hour after being posted. 

As a subsidiary invention Mr. Siemens has perfected a new form of steam- 
jet for exhausting the air from the tubes. As an engine with its boilers 
and air-pumpa ia an expensive item Id the erection of a system of pneumatic 
tubes, it appeared to him that some cheap substitute was desirable, even if 
its etficiency were less than that of an engine and air-pumps, lie has found 
Mich a subatitiit* in the well-known steam-jet, but he has so improved that 
iaatrument that now its efficiency appears to be very little leas than that of 
»ngine with exhausting cylinders, 
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mal Larynx. — Sir Duncan Oibb described some very curious forms 
e above at the late meeting of the British Association. In one he I 

ibed a rare instance of absence of bntb arytenoid cartilages in a girl ot | 

i Likewise, one in which the epiglottis possessed the shape of a trefoil 

5 Knd two others in boys of fissure of the same cartilage. 

The Ohio Tmitu, — These are said to surpass in peculiarity the Siamese twins 
and the ''Two-headed Nightingale," recently exhibited in town. Tbe 
" Lancet " says, that the Ohio twins have been examined by Drs. Williama 
and Little, and they are described as being united in a direct line from 
the ociriput downwards along the spine. On one side are perfectly developed 1 

higis, thighs, legs, and feet. On the other side there is one large, imperfectly i 

fornitd leg, preseuting the appearance uf the consolidation of two legs, I 

ThcM are eight toes on tbiti limb, two of which have the appearance of great 1 

toes, being much larger titan tbe others. Each child has a well-formed 
head and features, good arms and hands, lungs, heart, liver, stomach, &c, 
file lower portion of the trunk is said tu be common to both. While thcee I 

BL. .XI. — SO. XLIl. R M 
. J 
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phj^dnDS were mftkin^ their exominittioa both cried, but, a few minuU>« 
nftur, one went to sleep, while the otbcr rcmfllned awake. When eilbur 
liead would cry the perfect leg wtieh was neareBt that bead hiuhed and di*w 
iip, while the le^ Qeareat the other head remainmi quiet. Wheo either 
cried, the toes on the imperfect foot would tuuve, but the limb remained 
stationary. 

Mftamorphoaa of Tiamie vhile Fatlmg. — At a recent meeting' of lli9 
Nalurwiesenschaftlichen Klasse of the ^^ellneae Academy of Sciences, Profl 
See^ien communieatod a series of investig'alions upon the metamorphoaij 
nlbumen during fasting, which are thus given by the " Lancet" The subject 
(if his ezperimcuts was a joiuig' girl, who, in cousequence of a stricture of 
the EBsophaR^iB. was only able to consume very Binall quantities of noariah- 
merit. During a whole month the daily ingesta anmunted to but 35 grammes 
of milk, and about 20 c.c. of water. A teaspoooful of this mirture i 
tnlien at interval* of about an hour. After laaticp for four weeks, the diffi- 
culty of swallowing gradually disappeared, and the quantity of milk swal- 
lowed rose to 210 grammes per diem. The most important results obl«in*4 
were the following :^1. The quantity of urine escreted daily amounted to 
185 c.c. It was of very dark colour, possessed a strong add reactioD, and 
frequently deposited a considerable quantity of urates. 2. The amount of 
urea excreted daily, on an average of twelve days, was 8'& grammes = 4-1 N. 
The amount of N. ingested with the milk was 020 gramme ; the escesa of 
N. excreted, therefore, amounled to 38 grammes. This quantity of nitrogen 
is contained in about S5 grammes of dry albumen, and the patient most thus 
have used up that weight of the dry albumen of her own body. The chief 
tissue furnishing this would of courne be the muscles, and if that amount 
of dry albumen be calculated as coming from fresh muscle, 113 gniu. of lbs 
latter would be used up. 3. The excretion of water is not covered by tbe 
water of the metamorphosed tissue. The organism, therefore, ia dryer or 
poorer in water during fasting. 1. With increased supply of food the ex- 
cretion of water thiuugh the urine rose, whilst the excretion of urea re- 
mained almost unchanged. 6. The metnmorpbo<ii3 of the albuminate* 
during fasting, so far as they are represented by the excretory producla of 
the urine, bears the proportion to the normal melamorpbons of 1 : 4 or 
1 r5. 

Inoo^ationofCaruxrinthtLouterAnimaU. — At the meetinz of the British 
Association in Edinburgh, Dr. John Chiene read a paper entitled "An Ex- 
perimental Inquiry into Home of the Resulta of Inoculation in the Lower 
Animals," The paper described a series of experiments, in which rabblu 
were inorulated with cancerous mutter obtained from the human subject. 
The result may be shortly stated in the following words: — {\) That cancer 
cannot he produced in rabbits ; (2) that cysts, containing chee*j matter, 
arise nt the points of inoculation ; (3 ) that these cysts do not diSer from i 
the local appearances which arise after the application of any irritmit to the I 
subcutaneous tissue of the rabbit. 

The Funvtimui of the Umla. — A paper on this eubjecl was read at the 
meeting of the British Association at Edinburgh, by Sir Duncan Gibb, Bart 
Anatomists deacribe the action of the nrular muscle as an eleTator which 
shortens the uvula. It is, howeter, a sentinel to the fauces, especUUf En 
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tbe act of deg-lutition ; for when adv Babetnnre comeB into ccintact with 
ii. it excites the action of all the neighbourb^ muscles until it is got rid of. 
Itut it possesses a function of not less importance, m holding the soft 
palat« tetiM and tirm in the medial Una e^nat the wall of the phnryns 
during the act of deglutition itself, and thus prevents the passage up- 
waids of fluid or solid substances beliind the nose. This was supported 
b_T experiments upon a person who had lost thebonesoftlie nose, permitting 
of ft view of the action of the soft p&lnte from its nssal tispect during 
deglutition with or without food. Under either circuni8tance,a double nn'li 
was seen in tlie form of two convex swellingii, held in a state of firm 
tension by the action of the uvula passing down the centre of the unft 
p.ilate, with its end resling flat against the wall of the pharynx. The 
unsion ceased the moment that the constrictors of the pharvnx liad fullj 
exerted their influence over the substances swallowed. Whilst the uvula 
has its special uses in th& act of deglutition, it exerts a nut less deciaive 
influence upon the voice when uttered in a very loud tone, or in singing the 
higher registers, in both sexes. Then its character as a levator or shnrti^net 
i* exerted. If this power ia impaired by removal of the muBciUor (not the 
inembranous) end, then the singing powers ace damaged. Some remarks 
vere made upon elongation of the uvula and its efiects, a distinction being 
made between its elongated nembranoiia end and the true muacuUr tip, 
wUcli should not be meddled with. Speech, the author said, was modulated. 
by the Boft palate and uvula, and the motor power of the latter is un- 
qaesUonably exerted in pronouncing the letters IC, Q, and X, with their 
asaoci&tions, more especially the gutturals of the various languages. 

Sir Tho>na» Wi^nm im t/ie Treatment of CAufern, — The "British. 
Medical Journal" contains a communication from Sir Thomas Watson. 
on the subject — now exciting bu much B.ltention — of cholera. Sir Thomaa 
has altered his opinions as to the ij^titmeDt of this disease. The fol- 
lowing concluding pnstage will show this eflectunlly :— '' In the face of 
this and of much similar evidence, I fetl bound to aay that the rules laid 
down by Dr. Johnson for the treatment and prevention of diarrhcea and 
cholera seem now to me aafer and better than the less discriminating advice 
which heretofore I gave you : ' whenever a euspidou arose that cholera was 
present in the community, not to try, in cases of. diarrhcea, to carry ofi' the 
presamed olfending matter, but to quiet the irritation and to stop the flux 
nil soon ns possible, by astringents, Bromatics,,Had opiates.' No doubt, the 
true indication of treatment is, to stop the ilux as won as possible ; but this 
tuST sometimes be best eflected (as also in ' crapulous diarrhoea,' and in the 
euminer cholera of Sydenham) ' by carcriug ofl' the olfending matter.' " 

Miueh-ffrajiing. — SIrin- grafting came into fashion a few years since, and 
lun made much progress among advanced surgeons. Now muscle-grafting ap- 
pMM to be making its way. The Nem York Medical Jouryial for November 
conuins an Article upon the subject by Dr. B. Howard, end relates som'e 
IDteresting cases in which, by grafting, he obtained increased power of 
heaUng in several wounds. These were cases in which skin-grnft had been 
first attempted, but without sufficient success. The paper is of some im- 
portance. 

NucUaUd Bluu^xUs in the Lvucamia of Infnntt.—Yn. Tieuniaa Vaa 4une 
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wimt none of his predet^Mors hfLve nttr^mpled — lie hue fuunil tli« vb 
blood-coqiUBclei in the blood of a living pttti^nt, hy puttcluring with « 
nei'dle for a drop of bloiid. BesideB numeroua colourleBS granular celU o( 
0'005— 0'013 iniu. ia diameter, which under healthy circumstances preeent 
no nuclei, there were found eiagle homogeneous, pole-jellow oells of 
0-006-^8 inm. in diamett^r, with a colourless round or epludle-ehaped 
nucleus, or with numeroiw grimules (remaina of nuclei). By the addiUon 
of auedc auid, these latter cells lust their colour, and within their coatoar, 
which appeared as n fine -circular lioe, the soniewhat jeilowish- tinged 
nuclei and granules stood out wilh a sort of tatty glitter. Dr. Neitnian is 
inclined to regard the presence of theae trausitiou forms between colourltws 
and coloured blood-cells, which are produced by the diseased marrow of the 
bones, as a diagnostic aiga of the disetme of the maiTOw in leucotmia, eiac» 
in a normal state they are found only in the uuuraw, and there i) 
OTidence that in leucumiit tliey occur alao in other organs, provided the; 
art) not carried into the same. In proof of thia, he asserts that he has 
found nucleated cells in the geoerai circulation of newly-born infants *t 
tenn, and not alone (as has already been made known) in the pancreaa, 
Bplenn, liver, and bony marrow. How long they remain after birth ia not 
certain { they were absent ia a child which died of pcritomtis, sixteen days 
after birth. 

Faiiii/e of the WkiU Blood'i-orpHKles thi-ongh the I'efscU, — Dr. Notria, 
rrofesaor of Physiology in Queen's College, Birmingham, presented U(«]y ■ 
valuable paper on this subject to tbe Rojal Society. It is abstracted in the 
Monthly Microtatpioal Jmirnal for November. Brie&y, his concluaon nay 
be summed uj) thus : lat. Both white and red corpuscles pass out of tbe 
vesiela through aperturea which can neither be seen before their ingreas 
into or egreea from the vessel wnU, but only during the period of traDsit. 
2nd. An essential and primary step in the process is, that the corpuscles 
Hhall adherv, «r, more properly, cohere to the wall of the vesaeL 8 
These ooheriog corpuscles shall eubsequeutly be subjected to pressure txam 
within. 

TV Epilhtlium of the Comea and itt Regeneration. — The Lanctt, which 
hae of late yeara adopted tbe excellent custom of occasionally traitalatiog 
good papers &om foreign journals devoted to histology, recently gkre m 
account of a paper in Virchow'a Archt'v, by J. Arnold, and an apposition 
paper by Dr. H. Heiberg, of Copenhagen, on the above subject. Arnold's 
conclusion is that tbe new cells which replaced the old, when these had 
been detai^hpd, were derived from a linely-gnuiular blastema that changes 
into protoplaani, and that in this protoplasm the new cells arise by a proftea 
of free cell-formation. Tbe correctness of this conclusion ia contested by 
Br. Ileiberg, who jnuintains the view that young cells are developed from 
the old, in which certain changes have taken place. Ilis mode of pin- 
0«dure was to scratch the surface of the coniea with a cataract needle in 
animals (frogs, birds, rats), and, after the lapse of from oighleen to forty 
hours, to remove tbe eye and examine the comea both by means of fresh 
aectjous and after careful preparation in solutions of chloride of gcdd 
(maceration for from three to live minutes in a one-hnlf per cenL aolution of 
thu ea}t). In certain preliminary esperimenla it waa found that the injurMl 
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pwl %mmtiiiat:!ii uSict the injury presented sbai-ply-defined irrogiiliir bur- 
dew; »ftersU houfB the nmrgins were conaidembl.v flntteiied, ho that tiie 
boDiitUi; of the abraaion wns much lesa diatinct. After eighteen hnure it 
-wu dilEcult to tell the eeat of the mjurj with the nuked eye, and ita 
diiuneter had became reduced to one-hidf or one-third; and after forty 
htjors recovery was complete. He coDviuced himself by microscopic iiivi-s- 
ti^tion that the procnas of repenemtioa of the epitheliuni proceeds from 
the margins of the nbrasioD, the iayera of cbIIb immediately boundiDg the 
seat of iDJury becoming elungnied, and, as it were, sending forth processes 
ti^ward^ its centre ; so that the margins are rendered vyry oblique, whiUt nt 
the 8«ine time the exposed surface of the cornea is raised considembly above 
the level of that which is BtiU covered hy the cells. These views are dif- 
ferent, of course, but neither can be yet accepted as conclusive. 

A Chaqt and CMulant Galeanic Battery for Meillcal Parpotes. — Professor 
A. Hammond describes a battery which has recently been devised for hini, 
in lliH Xrtc York Medical Juuriial for November. Each cell contains about 
half-a-goUon of fluid. A diw of sheet copper ia laid Hat on the bottom of 
each celL To the under side of this is affixed a copper wire covered with 
gutta-percha. The copper sheet forms the negative plalr ; the insulated wire 
irhich rises to the top of the cell is the posiltve pale. Two or three inches 
below the upper margin of the cell is suspended by a brass hanger a thick 
(Use-shaped plate of zinc, concave on the lower nde, with a round aperture 
in the centre. This is the positive ptate. To this- hanger is attached a 
binding screw, and this forma the ncgalipa pole. The body of the battery 
fluid is formed of a solution of sulphate cf zinc. Occaaionidly, as required, 
crystals of sulphate of copper are dropped through the ceniml aperture in 
the tine to the bottom of the fluid. These dissolve, and produce a layer 
pf blue liquid, which covers tha copper. Thus, we have copper in the 
bottom of the cell, immersed in a solution of copper, zinc suspended above, 
inuoeraed in a while liquid, the solution of zinc. The mode adopted in 
other batteries to separate the fluids consists in using a porous dinphragm, 
or cup, within, and surrounding which are placed dii^imilar metals and 
fluids. The porous septum, it was thought, would allow the current to 
paw, and yet prevent the admixture of the diverge elements. It has, 
however, been demonstrated that, when two such liquids, and even two 
gases, are thus separated, they will invariably become mixud. In this 
battery, without the intervention of any diaphragm, the denser liquid, the 
blu<t remains in the bottom of the cell, the lighter one overflows and rests 
□pon it ; thus arranged, there ia less liability to diflufcion or mi&ing than 
■T the two liquids were placed side by aide, in vertical columns, with a 
porous partition between thein. The central aperture in the zinc plate 
also admita the introduction of a hydrometer to measure the density nnd 
ftivngth of the liquid. Proviaion is also made for preventing too rapid 
evaporation of the fluid. The occfleional addition of a little wster, 
and every three or fourdays dropping in a few crystals of sulphate of copper, 
U Dearly all that is required in the maniLgemenC of this battery. 
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MINERALOGY, METAU.ri{GY, AND >nNING. 



T%t Wtyrkivg of lleyniatile Ora. — Among the many pnpera »t the late 
met-tbg of the British Afaoi'iBtiini at lyiiuhurgh, was one by Mr. ThgniB* 
Aiiisworlli, on "Tte Facts developed lij the Working of ILienmtite Ona 
in Ihe CWeratnne and Whitehaven Districts, fhim 1844-71." He refwred 
fint to aoine correspondence that bad taken place between the Brituh A»- 
»)c!«tion and the Government on the subject of the iDTe«tifrntion of tlie 
hteinaiiie oi«-tields. As this had resulted id the investigntions being 
abandoned on the part of the OoTemment Oeologieal Surrey, he thought 
it was the duty of every one who knew anything on the subject to lU^e it 
public, seeing that when the Be'^eenier royalty expired — which would shortiy 
be llie case — this haematite would become much more valuable tfaan It was 
at preieot He quite agreed with all Ihst had been done hitherto in tbi* 
matter, and the facta he was now to present hud come under liis notice 
during the la-^t thirty years while residing in Ciiuibnrland, near the Ulver- 
stone and Whitehaven districts. Contrary to what bad been geoenlly 
siipponed, be had found the biBmatite ore did not riinGue itsidf to the neigh- 
bourhood <rf limestone rock, but was to be found in many kinds of mck, and 
even between two ditVerent kinds of rock. lie bnd also found that the 
bn^matite bnd some relation to the coal-fields, and was always found in close 
pro.tiniity t'l these. A peculiarity of the hremntite ore-fields was that they 
seeLiied to run nlmo«t exactly from nortb-we^t to south-east Another fnct 
he bad discovered wns, that ratrhouic acid was to be round only in very 
suinll qunntitiea in hicmatite, while it wm founil in large quantities in other 
■iTimstone. lie wns aware that hiematite was to he found also at Bsddiog- 

IXinx and IJristol. The paper was illuetrated by sevEral largo diagnuiia. 
RiOdoni't, a nm Jtmii-iiie, from Arksulz I^ord ( r/.S.^.)._Tbia is fully 
described by Mr. George J. Bruab, in a recent number of " Silliman's 
A uericHn Journal." It wasobeerved, afewmonthssince. by theRer. J. Gri^r 
lialslon, of Norristown, I'a. Mr. Balston found a mineral in minute octa- 
hedrons associated with thomsenolite, and being unable to identify it, he 
sent it to I'rofeBBor Dana, by whom the specimens were passed over to 
3Ir. Brush for examination. The crystals of the new mineral ore octahe- 
dral i and in Borae cases they are very minute, but occasionally one to one- 
and-a-half millimeters in diameter. They are often implanted on the thom- 
tenolite crystals, and slai apparently inteicrystallised with this species, 
making it extremely difficult to separatH tbe now mineral suflidently pure 
for analysis. The planes of the octahedron are ofl*Ti tinged slightly yellow, 
■ud many of them are dull and iridiacent, owing to an excessively thin Gini 
of oxide of iron, and beace exact measurement of tbe inclinations of the 
fiices cannot be uiade. But they appear to be symnietrictil with equilateriil 
faces, and in some cases have all the solid an|.>lea replaced by a minute 

The Quaritrly Afrlatluri/ieal Separt, by David Forbes,. F.R.S., is a most 

■ useful periodi<«l, and we trust it may receive such support as will indnc* 

■ the proprietors to carry it on. The third number, now before ns, la full 
of important and interesiing news from all parts of the C'>n1inent and 
America. Besides, it has ju^t coumenced a list of works puUbhud in ull 
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I kngnagee or the subject of metallurgy and minerBlogy, which will mnke it 
' mOHt Tslaable to those iaterest^d in the subject We hare so high an 
ojriDion of this periodical, that we prepare our aammoiy almoaC allot^tbcl 
from ltd pag%8. 

/rtiH and Iron Orel. — A pamphlet has been issued by Dr. Sterrj Hunt, 
F.R.8., entitled " Nutea ou iron unil Iroii Ores," being' a report addressed to 
Sir W. Logan, F.R.S., late director of the surrey (published bj Dawson 
Brotbem, Montreal, 1870). The contents of tliis pamphlet are arranged 
under the following beads :^1. A comparison of the Iron ores of Cannda 
with thooe of Sweden and Norway. 2. Chemical analyses of the Canadian 
iron orej. 3. Notes on the iron sands of Canada, 4. A sketch of the dif- 
ferent methods of making iron and steel direct from the ore. 5. A desarip- 
tioQ of the Ellershauaeii process for making malleable iron. Some of tha 
facts brought forward by the author specially connected with the Canadian 
iron manufacture are considered of autiicient interest to warrant their bein^f 
reproduced in Mr. Forbes'a report. 

SItut I^irnace Subiimatei. — A chemical eiamination of the sublimate or 
incrnstation (Cadmia) which attaches itself to the inside of the upper por- 
tion of the lining of the blast furnaces at Slenay (Mense) baa been made by 
MM, Xivoit and L^trange, whose report, published in the " Annales des 
Mines," 6, Ser. XXVIII., p. 113, gives ita composition ns follows: — 

Oxide of sine SO'IO 

rtidde of lead fiOl 

■ Sesquioside of iron with alumina . , IW 
Lime OW 
SidpUuric acid 0-13 
SiUca . . ■ 0-6C 

98-57 
Fhoaphorut in Iron and Seel. — Accordiog to Salet, the presence of phos- 
phorus in iron and steel may be detected by examining with the spectroscope 
the flame obtained by burning the hydrogen produced on dissolving the 
metal in hydrochloric acid. 

Tha Mai/net in tVactieal Mitieralogy. — For the purpose of separating the 
IDAgiietic oxide of iron from the magnetic titaniferous iron ore, quartz, &c., 
which gives so much trouble and expense in working the Canadian iron 
tands, a ^mple, ingenious arrangement hsa been patented by Dr. Larue, of 
Qtiebec ; in this the ore in the state of sand or powder, is delivered from a 
hopper, arranged so as to open and close at proper intervala, and to allow 
the ore to spread in a thin and unifonu layer, upon a series of aprons, 
■mnged with interspaces, between two parallel endless bands, which pass 
over two horizontal cylinders. These aprons, charged with ore, are made, 
by tbe movement imparted to one of the cylinders, to pass from beneath tho 
hopper, under a series of permanent horse-shoe magnets, 600 in number, 
each capable of sustaining about live pounds; arranged upon transverse bars, 
in fire rows of ISO magnets each. Beneath these is a tympan, covered with 
maalin, which, when the iron ore is passing beoeatb them, is in contact with 
tbe poles of the mngncLs ; as soon, however, as the magnetic portions of the 
■ liave arranged themselves by attraction, in adhesion to the under dde of 
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the tympm), and the npron hsa mofed &oai beneftlli, ftiid a 
discharge the nonnmi^etic poHioD of the on at the foot ^r t' 
t;mpaa is m o men tflril; withdrawn ■ short distuiaft from '.1 
jidhering magnetic ore falls in the open sjmce, twtWMD '■' 
rBceptai;le pldccd below. This pr(" 
can be repeated siity timea in each 
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The Beading of Dintotiiai'fiir h w£ i 
tary to the MitroscopicBl Society, I' 
Mr. Slack eaya ibat the uniiormiiy 'i 
is tJi n grest extent shown, and to a s 
iD|l^ one of MoUer's iLdmiinble '' type 
b^her power. The gradations fif 
smaller beads ctosely approii mating, 
BO that it is easy to trace a seriea, 1 
no difficult; of reiolutioii, and cottcl 
the utmost power of the optical appi' 
under hi(;h magniQcation, and each ti- 
tbe outline of a section made by a ] 
perpendicular to the uppermost point 
a delicHte wavy line, the dcpreasiona 
tbey would correspond with the radi' 
of the curces woiUd correspond with 
under the»e drcumBtances, by the be 
unilateral illumination, ia to exhibit 
tiona of light and shade, indicating ra. 
character of the etructiire. Whei 
objective, it becomes evident that a i 
greater miuutenesa of the etruclure, ^ 
surrace loolc plane. 

Totlet' Ilinoadar Eye-pieet. — lYofes 
MicKWCopical Joomiil,'* eiplaining tbi 
roent. Ua exhibited it here, and beni 
Tollea' invention. Mr, Smith says tb 



a the 



of il 



An Eneiirig Mirror, which ie made .^u eye-piece, has bee 

devised by Mr. C. Richards. It (ransistB of a gloss reflector, platiaised o 
the front surface, thus getting rid of the second image, atwaya eeen wbea on 
ordinary silvered siu'rnce is employed. Tbe dissecting needlea or knives a 
cot reverted by it, as might have been expected ; for after having adjusted 
the focus, by simply turning the mirror on its axis one quarter from the 
right hand, tbe needle held in tbe right hand is unmediately brought into a 
proper position. The definition or perfection of tbe image is in ao i 
impaired, and therefore it will be found useful in drawing as well u diMBCt- 
ing. — MmUhlij Microicopicnl Journal, Novembei. 
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How to Grind a Diamond to a Jine Point far Mir^ro-writing.—Th'mis thus 
excellentljr explained in a letter from Mr. Wenhnm to Mr. Slack, which 
^punn in full in the " Monthly MicroscopicHl Joumftl," It ia briefly ms 
fbUawB: — "A fragment of diamond waa Imbedded In a short piece of cupper 
inire, j^th in diameter, in the vay descHbed in my paper ' On the Construe 
tion of Object- glnaws.' This waj> chucked in the bow lathe or 'ji^jcer.' 
and another splinter of dianiood, similarly mounted, was lield ajiriunst it as 
a turning tool. Both were, I suppose, about equally ground sway, end ynu. 
could see the dust dying oiT; in fact, diamonds rubbed together abrade each 
other Just like two pieces of slate pencil will do. It is vay easy with a 
delicate touch at last to bring tbe rotating diamond to a point as tine as a 
Boedle. Thit is the right thing for glass ruling, and I bave no doubt that 
Nobert uses tbe same. In Peter's writing tnochme-tumed points are eni' 
ployed, OS these only will mark in every direction. At first be used to buy 
his tuned point» from the diamond work«rs at oao giiinfa each, and few of 
them good even al that. I explained my way of tuning tbe pointfi, nt 
which he succeeded at the first atleinpt, ajid over after that made them with 
his own hnniis. He told me afterwards that what before cost bim 21s. did 
not now cost bim In" 

ToUei' immerrion J(A Object-glasa, — tn a letter which Mr. Slack received, 
and which he published in the " Monthly Rlicroacipical .loamal " for Decam- 
ber, Dr. Woodward says that the Tolles' immersion ^th, by which the 
Ampbipleura pictures which be sent to the Microscopical Society were 
made, worka either dry or wet, the compensation being effected simply by 
altering the distance of the front lens from tbe other two, by means of the 
>ci«w collar. There is also a low-angle ^itra &ont for ordinary work. He 
finds, with tbe high-angle fronts, the following measurements ; — 

VnfmlAn «t 4 ft. focni ; 
ADg1«, UloromsLfiT Bcn;eii anil 

wilHont oy8-pi«qi 

D17: uncovered, 110° 225 diam. 

„ for thickest cover, HO" . . . , 250 „ 

Immereion ; uncovered, IW .... 250 „ 

„ for thickefit cover, 170° upwards . 275 „ 

With central light, and 00 Podura, or anatomical objects, be finds this 
objective admirable. Ho wishea he could speak as fiivourably of Mr. 
ToHea* higher powers. They are very good indeed, but he has yei to see one 
of them which wi]l rival the so-called ^'^th immersion of Powell and 
Lesland. 

A Maehinefor Jiuling Glait haa been devised by Mr. Slaniatreet, of Liver- 
pool, and is excellently figured and describeil in the " Monthly Microscopical 
JouitibI " for December. Mr. Slack bos given a very full account of it. The 
machine ia constructed for ruling linen from j^th to the nrSos''' "^ *" 'nch 
apart, and the inventor has added to it the means of further subdivision to 
the Y oj ^ B oath of an inch, but he has not yet been able to procure any diamond 
fine enough for ruling distinelly more than about S,000 lines per inch. Mr, 
Wenhnm's letter in the preceding paragraph was culled out by thia 
•tBtein''nt. 

Bom In Mmml Dialonu. — BeadeiB mil study with advantage tbe follow- 
ing method, described by Capt. Lang, in tbe " Micioacti^icai. JnMraD.\" tbt 
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Ni>ieml)«r. Place, says the author, the bnls Am -mounted slide oh the hnU 
plale, Hud when it is autHtienily wuriued tip over the cover hj mejinfl of a 
netidle ; the diatoms will be either on it or the elide, it matters not which. 
Apply over them at once, whilst still oo the hot plxte, a drop of turpentiii#. 
RemoTe the ^lide to the stage of the dissecting microscope, and add more 
turpentine. Have ready a clean slip of ^lase, on which has been placed a 
drop of turpentine. In the cbm of larg« discoid and other forms, having: 
applied plenty of turpentine, they can be easily tmnsferred hy meaofl of a 
fine sable-hair brush from the oiiginal slide to the pool of turpentine on llio 
clean one. In the case of finer forms, it is better to place less turpentine an 
the oriiiin&l elide, collect the diatoms into a heap, allow the turpentiiie tu 
dry a Httie, aud then by a twist of the brush to transfer them en matte la 
the new sliile. In either case, havinft ^t them there, push them togethi-r 
and mop up the eiipcrHunus turpentine, and then, slill under the di^ectin^ 
microscope, slant thu slide by pluciug a piece of folded papur under one end, 
and apply a little benzole, either by means of a clean brush or brass rod, 
imuiedtately above them, that is, on the end of the slide that is raised, and 
allow it to 6oat ffrvdiiaUy over thetn, care being taken that it doea not flow 
with too great a rush and carry tiway the diatoms with it. Repeat t^b 
process some half-doien times, till the whole of the turpentine and balsMm 
has been washed away, and till tha valves are left dry and black after tha 
benzole is evaporated. They can tben be transrerred in the usunl way to 
any other slide, and even with greater ease than from an ordinary dry 
gathering. 

&'a&» on the Body of Cidex. — Mr. Jabei Hogg has an interesting paper in 
the '' Monthly MicroicopicalJoumal "for October on this subject. Hesays that 
the body of Culex ainuilatut is entirely covered with alternate rings of dark 
brown and white-coloured battledore scales ; and the hairs projecting from 
its sides are longer aud more numerous than in C. fitpieni oi C. mHtquilo, 
The "feathered antlers" pectinate antennie of the male insects, although 
destitute of scaled, are exceedingly handsome objects : they surmount the 
niost brilliant set of coni|<ouud ocelli it is possible to find. In short, he 
wears finer clothes and is better dressed throughout than his female com- 
panion, When Ibe piercing appamtus is sent into the flesh of a victim, the 
proboscis appears to divide ; it is then thrown up and turued back upon the 
head like the trunk of an elephant. 

MieroseopiciU Poptrt of the Qtmrter. — The following ia a list of the 
suveral papers which have been published in the " Mcolhly Microscopal 
Journal " of October, November, and December: — "A Rare Meliceitioni 
with Remarks on the Ilomological Position of this Form, and also on tlie 
previously-recorded new spedes Ploscularia coronetta." Ry Charles Cubitt, 
I'.R.M.S. — " On an Improved Metbod nf Photographing Histnlopcal Pre- 
parations by Sunlight." By J. J. Woodward, Assistiint-Surgeon, U.S. 
Army. — " H»matozoa in Blood of Ceylon Deer." By Boyd Moss, MJl. 
— ■' Microecopical Fissures in the Masticating Surface of Molars and Bictu* 
pids." By J. H. M'QuiUen, M.D., D.D.8., Professor of PhyHology ia 
Philadelphia Dental College, — " Transmutation of Form in certain Protozoft." 
By Metcalfe Johnson, M.R.C.S.E., Lancaster.—" On Onats' Scales," By 
Jftbei Hogg, Esq., Hon. Sec. R.31.3. — "The Examination of Nobert's 
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Ninelseoth Band." Dy F. A. P. BsmstJ, of ColambU College, New York. 
— " An Incident in the Life ot" a Chflifer." By S. J. Mclntire, F.R.M.S. 
— "(Jn the Form and L"ae of the Facial Arcbes." By W. K. Pwkar, F.R.S., 
Preaiileiit R.M.S. — " Od the Angular Ap«rlure of IiniueruoQ Objectivee." 
By Robert B. T-illei, of BoBti.n, U.S.—" Note on Pedalion Mira." By C. 
T. lIudaoQ, LL.D. — " Another Hint on Seleoticg and Mounting Diatoms.'' 
ComrouoicBU-d by Capt. Fred. H. I.nng. President of the Beading Micro- 
scopical Society. — " The Alonnd'a Plnce ia Nature." By Metcalfe Johnson, 
M.It.C.S.E., LancBster. — "Mapping with the Micro-Bpeclroacope, with the 
Btjght-Une Micrometer." By II. G. Bridge. — " Some Remarks on a ' Nota 
on the Hesolution of Amphipleura Pellucida by a Toliea' Immerson Jth. 
By Asaiatant-Surgeon J.J. Woodward, U.S. Army.'" By Edwin Hctnell. 
— " Infusorial Circuit of Generadona," By Theod. C. Ililgard. — " Noteaon 
Prof. JaineB Clark's Flagellate Infusoria, with deecription of New Species." 
By W. Saville Kent, RZ.S., F.R.M.S., JBritish Museum.— ■' Note nccnm- 
pnnying Three Photographs of Degeeria doinesticii, as seen with Mr. Wen- 
bnin'a Black-f^'ound Illumination and a Power of 1,000 diameters." By Dr. 
J. J. Woodward, U. S. Army.-" Note on the Above." By F. H. Wenbam. 
— ■■ On Bog MoBses." By K. Braithwaite, M.D., F.L.S.— " An Inhtrunieut 
for Micro-ruling on Glues and Steel." By J. F. Staniatreet — " On tho 
Conjugation of Atacebn." By J. G. Taleni, Esq.- " Crystalliaalion of 
Mi-tala by Electricity under the Microscope." By Philip Brabam, Eaq.— - 
" Infueoriat Circuit of Gonerationa. ' By Theod. C. llilgard.— " On the 
CoQuection of Nerves and Ubromublasts." By M. Georges Fouchet. 



PHYSICS. 
The Movement of the Octan. — This question baa recently been braoght 
uodwr notice by the raiunhle researches of Dr, Carpenter. It has nused h 
number of supporters in different parte of the world ; among others PnifessoF 
J. D. Bana, in the United StAleii, wlio makes the following remarks [at 
leaat we take it for granted that tlie signature is 'Professor Dana's}, in 
" Silliman's Journal: "^" The riew which Dr. Carpenter advocates, that 
the moTemnnt of the ocean affecis tho whole body of water to tta very 
bottom, is recognised by tlie writer in his 'Report on Crustacea of tha 
Wilkes Exploring Expedition' (4to. 1618 pp., 1852, ' Silliraan's Journal,' 
II. XTi. 18^3), and the general system in this circulation is there pointed 
out — this systflm according with the views previmisly held by tbe dis- 
lingnisbed meteorologist, W. C. Redfield, The conclusions are sustained 
br facta relating in the lempernture of the ocean observed in the course 
of the cruise of the exploHug expeditioa just mentioned, and others from 
Tarioua eourres, presented im an isotbermdl chart prepared for iUu.<trating 
tbe geographical distribution of marina life, and especially the cruntacea; 
■ltd a brief etat«ment of tbid system is given in his ' Manual of Geology ' 
(1861), The facts trom tbe deep ocean remove all remaining doubt with 
KgMd to the imiversiility of tbe movement and the oneness of the system. 
' e there does not appear to be any good reason for separat- 
n>oi tho system tbe Gulf Stream, as done by Dr. Cai^ntot. Gyvbo, 
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th« Ttrtical dmUt)<n, and the aartb and #riuth tnovpment, Mlrnraleil liy 
■ lb* nvolutkm i^f die glnbe nil! m»ke il, as hna b«eii long 
I mi^mtnl miat*taeat in tlie trupit-'s nnd an eailtrard in the 
ighirtaMptnteUlit«d<s,»uch&«Ufnuad, iu fact, in oil ocetms. 
TbM, ftoowD*', vhnvTvr. is tbe floir of thMe wall?!?, they approach ihc 
Ciwtbcata, «tHn tb» depA diminishra, the nte of flow will be iocrewed in 
pKfoctwa (apfKiunBtfaJT) lo the decnrase of depth ; and hence comes the 
itUWMtt iMMt. aot noly of North Aincricn and there called the Gulf Stnmm, 
b«t o( Su«tb AaetiM, and also those east of A^ia and of Australia; and also 
1^ ia tt>* Ugher latitudes west of Snuth AmetiM. The Gulf Stream and 
■Q tkoN oOiw streams are parts of the freneral fvslem, modified b^ proximity 
to tk* emttiwnta ; the action of tbe trades is not in any case their oiigina- 
tko. though it may well he their accelerator. Neither is an Indian Ocean 
cviTCDt the origin of the current in the South Atlantic up the weet side at 
AJHcn, th(>iig:b contributing to it. Ur. Carpenter also combntd Ur. CroU's 
pMltion. with rejmd to the ' thermal worb of the Gulf Stream.' " 

Tilt Tempfreture-ejuiiibriNm of an Endomre in tehieh (A«iv it a BoA/ in 
I'tfAte Jtftfti'on.— This is the subject of one of the most important paper* 
broupbt before the British Awonation at Edinbur^rh, by Profe«»or Dalfour 
Stewart, of Owen's College, Manchester. lie anid — tnking' the illustration uf 
tbe roum in which ibey were assembled — they knew that in an enclosure, 
the walls of which are kept at a constAntly uniform lempeniture, everir sub- 
stance will ultimat^^lr attain the very same temperature as those walls ; and 
WB know also that this tempemtu-re- equilibrium can only be hroii^-ht about 
by the absorption of every particle being exactly equal to its radiation, 
equality which must separately hold for every indiridual kind of heat which 
the enclosure radiates. This theirretical conclusion is aupported by numerous 
experiments, and one of its tuost important applications has been tbe analytda 
of the heavenly bodies by means of the spectroscope. The PrufeMor then 
asked the Section to suppose that in such an enclosure we hare a body in 
visible motion, its temperature, however, being precisely the same aa that of 
the walls of tbe enclosure. Ilod the body been at rest, we know from tba 
thsury of exchange that there would have bean a perfect equilibrium of 
temperature between the enclosure and tbe body ; but there is reason 
believe that this state of tempemeure-equilibrium is broken by the motion of 
the body. For we know, both from theory and experiment, that if a body, 
such, for instance, as a star, be either rapidly approaching the eye of an ob- 
server or tvceding from it, tbe rays from the body which strike the eye will 
no longer be precisely the same as would have struck it bad the body been 
at the same time at rest, just as tlie whistle of a railway engine rai»dly 
approaching an observer will have to him a dilTerent note from that which it 
would have had if the engine had been at rest The body in motion in 
enclosure is not, therefore, giving the enclosure those precise rays which it 
would have given had it been at tbe same temperature and at rest ; on tba ' 
other hand, the rays which are leaving the enclosure are unaltered. The 
enclosure is therefore receiving one set of rays and giving out another, the 
consequence of which will be a want of temperature -equilibrium in the en- 
closure ; in other words, oil the various particles of the enclosure will not he 
of the same temperature. Tbe consequence will be we can use those parttclcs 
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of iiiilirent temperature so na to transmute port of their heat into the enerfry 
of visible motion, just as we do in a steam-engine ; and if it is nllowRblH to 
Buppose that diirtD^ tbia procesa the moving body has retained all its energy 
«f motion, the reauU will be an increase of the amount of visible energy 
wilhiii ibe enclosure, all the particles of 'which were ori^iiallf of the some 
temperatnre. But Sir W. Thompson has shown that this is impossible j in 
otber words, we cannot imagine an increase of the visible energy of such an 
eoi^losuie, unless we acknowledge the posaibility of a perpetual motion. It 
ii not, therefore, allowable to suppose that in such an enclosure the moviog 
body continues to retain all its energy of motion, and consequently such a 
body will have its energy uf motion generally slopped. In this argument 
the use of the enclosure had been to enable them to deduce proof from the 
known laws of heat and energy. We may alter the shape of the body with- 
out afiec^g the result; in other wordi!, we should expect some loss of 
viable eni^tgy in the caae of cosniical bodies approaching or roceding from 
one anotheT. 

Exjierimaiti on f-'orte:!: liingi. — Professor Ball made some very inlerenting 
e^iperimentfi before the British Association at Ediuburgh, on this subjevt. 
A stream of light waa admitted through n leni; in one of the shutters, and 
along this stream Professor Ball projected smoke rings, formed on the ejection 
of smoke from a boi in which vapour was generated. Professor Tait, during 
the progress of the experiments, alluded to the libration of the rings when 
those later projected overtook those whicb had been ejected previously, and 
the latter of which continued to vibrate after the shock. When Dr. Ball had 
concluded his eiperiments, Mr. D. H. Deacon proceeded with bis paper and 
illustrations on vortex rings in water, demonstrating both by diagram and 
actual experiment the (oruiation of secondary and tvrtiary nodes. The latter 
were made in vessebi filled with water, and by means of drops of coloured 
fluids passed thereinto from a tube. These experiments were watched with 
great interest, and were also loudly applBuded. The rings were projected 
downwards inio the vessels that were standing upon the table, but in answer 
to a question, Mr. Deacon said he had in some cases projected the rings up- 
wards through the fluid, but the phenomena were much more difficult to 
pri>duce. It was also said that similar experiments to those of Professor 
Ball had been made twenty years ago by Professor Bosweil Reid, and alill 
earlier by Professor Daniell, of King's College. It was, however, further 
urged that priority in such a matter as this was not of much account, and 
that the value of the communication should be tested by the results attained. 
Unequal Lost of Acid and Salf near the Fole» of a BattiTy.—This is the 
mbject of a paper in the " Anoales de Chimle." It is by M. £. Bourgoin, 
who firat gives a review of the labours of Dauiell, Miller, Pouillet, Hittorf, 
Grutthuss, d'AImeida, and others on this subject, and next describes at 
length a series of experiments, from which the following main results may 
bn deduced : — When the galvanic current passes through acidulated water, 
it will be seen that, though the total effective work done by each pole is 
the same, the quantity of acid found in each compartment at the end of 
the eiperimenl will be found to vary coosiderftbly. The three following 
cases may be distill g iiish ed : — (1) The acid is accumulated regularly at 
the puuiive pole ; this occius with sulphuric, nitric, phosphoric, benzoic. 
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cinic, camplioric, &e., iicids. (2) There is uo loss at ihe positiTe |H>1r> ; t)i« 
) is only experienoed at the negative pole, euux half of the electrolj^^ 

1 is reg«ti«iiit«d ia the other computmeot. (H) The two compartueiita 
«iQe eiinultRDeousIj poorer j this oceiirs with luetic, tularic, dtric, aud, 
jeneral, all the very readily oiidisahle acids. 



ZOOLOGY AXD COMPARATIVE ANATOMY. 

The Anatomy of the Skunk. — Dr. J. S. Porker, in a paper pabllslied in 

"Aniericnn Naturalist," saya, in regard to the glands which secrete the 
well-known odour emitted by this aaimal: "When I resumed operatioDS, 
on the parU oow wtigkino; only about tno ounces out of a Meptiitie of oi 
pounds, I bod a strip of sliin with the anal lips, the suapidous ctlicea or 
cones in their cup-like cavities, and the pouches. Microscope was at hand, 
magnifying glasaes.spi'ctftcles, and dissecting case that had done much bum 
duty. I began by severing the Iwo muscular pouches, and found no en 
uection between them. Books say, 'The animal gires its peculiar and 
penetrating odour from two glandfi, situated exl«mal to the pelvis.' 1 fnimd 
the ' glands " to be dnir vtmadarjihre, with not a particle of smell, o 
trace of any glandular structure. So much truth there is in old sayings, re- 
peated for years or a^s past I Further to test tbe matter, I cut slowly \t 
the middle of the mats of miucHiar, not glandular, fibres, and came upon « 
thick, white, leathery capsule, like tbe crop of a chicken, with the source 
for the contents, provided by the little glands alxiut it Non putting -jd 
old clothes, and sitting to tbe windward, I cut through this white capsule ; 
B bright yellow 6uid came out, and I instantly felt that distance would 
'lend enchantment to the view.' But I was not to b« baffled. So I 
dipped the point of my scalpel in the yellow fluid, put the tenth or twentieth 
of a drop of it on a glass, covered it with another strip of glajis, and placed it 
under a power of forty diameters in my microscope. Tha appearance wiu 
peculiar. It looked like molten guld, or like quicksilver of the finest golden 
colour. Pressure on the strips of glaJts made it Sow like globule« of uelted 
gold." 

The Anatomy of the Fin Wh<Ue. — This was a paper read beforti the British 
Aseociation at Edinburgh by Professor Siruthers. Tlie author sot out by 
stating that the whale in question, which measured 68 feet in length, i 
found in the North Sea, some thirty or forty niile-s off Aberdeen. On its 
being towed into Peterhead, be proceeded to examine it, and its plnited 
breast at once showed it to be one of the rorquals. The colour was wliils i 
the belly, dark on the sides, and black on the back. In examining the 
bones and muscles, he found a sixteenth pur of nhs. The posdiion of tl 
was a remarkable one for a rib to occupy in a mammalian animal, aug^ting 
a sternal rntber than a vertebral rib, and eomewhat resumbling the abnonnol 
ribs of the crocodile. The muscles he spoke of as rudimentary atructnrea, 
whose func^on was not distinct, but low. As abni>nual or unusual rudi- 
mentary structures could be understood only through variability and inheri- 
tance, so nnrmal rudimentary stnicttiree were to be exphuned, not by the 
£ctioni ofSoel cause, or of ao-caUvd tj-pc, but by the law of inheritance ni 
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iii6u?nce of function. The one, as part of n (rrest Bcheme of eroliitinn, 
brou}rht them into exisl^Dce, and the other, by iitnesB and uee, hod pre- 
served them from becoming extinct. 

Further Dfep-S«t ExploraUon.— Dr. W. B. Csrpenter, V.P.E.S., stated, 
Bt the meeting of the British Asaociation at Ediahurgh, thnt he hitd 
received a letter just then from the First Lord of the Admiralty witK 
reference to an application to him for Oovemment assistnnce incmrjing out 
deep-eea explowtinns, which he waa sure the SKCtion would be (find to heiir. 
The proposal suhinitted to Mr. Goachen wh» for a circumnavi (ration voyage 
of four veara for the purpose of carrying out such explorations ; and at 6rat 
he bad said the proposed scheme whs too considerable for the Admiralty to 
deal with alone. He (Dr. Carpenter), however, had consulted Mr. Lowe, 
aad the result was a reply from Mr. Gaschen in the rollowiug temia : — 
" With rt^ference to our interview Eome weeks ago on the subject of the 
pmpnaed exploration of the deep sea in the Atlantic, the Indian, Southern, 
and I'acifie Oceana, I am happy to be able to tell you, after conaultation 
with my colleagues, that on receipt of a formal application from the Royal 
Society, we shall be prepared to take a fayournble view of your request, and 
to gi«e fiirh a*aiatancD as may be possible in the manner indicated in your 
letter of the 17th ultimo." It would be for the committee of this Section to 
mtUce B recommendation to the general committee to appoint two delegates 
from the Council of the British Association — who would probably be the 
jiaat and present Presidents — to co-operate with the Council of the Royal 
Sodety in promoting such an application. This recommendation was eub- 
aequcntly adopted. 

Parllimii^ieiieaia in a Chelifer. — In apapfir which was read before the Roval 
Microscopical Society in October lost, Mr. S. J. Mclntyre gave an instance 
which certainly looks like parthtioop)neaLg in a cheliferi The evidence, so 
far as it went, seemed to prove the poasihility of parturition without any 
conoectiou with the male since parturition occurred previously. 

The Emhryoloffi/ of Scorjiio Jtaluvs. — This baa been recently worked 
out by Dr. MeWchnikoff, whose paper originally appeared in Siebold'a 
" Zeitechrift," and has been analysed id the American A'aluraliit, The 
embryology of inaecta and Crustacea as pursued at the present day by 
loologiste, who ere directing especial attention to the provi^ottal mem- 
branes of the egg and embryo, depends almost aa much on the skilful use of 
the chemicals as the microscope itself. The author says, " The methods 
which I employ in these researches are not complicated. I study the eggs 
removed from the ovarian tnbes; or place the living embryo in a drop of S 
weak aolutian of salt (Salzliisung) ; or I at first submit tbem t« the influence 
of aolutiona of chromic acid of different strengths, and then examine them 
cither with a simple or compound microacope. Out of embryos hardened 
in this way I can make sections. Much of the time I have to work with 
dbsecting needles, while tlie embryos or portions of them treated in this way, 
■nd in an equal mixture of fresh and ealt water, attbrd very good objects 
for study." The embryology of scorpions waa Mketclied out in a genernj 
way by the distinguished German embryologist Rathke. Aletscbnikoff 
nl«nds theee researches very greatly, and considers as the most important 
of his studies the discovery that " in the embrj'o of the ecotfiotia 
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three embrj'onftl membmties ve develnped, which in inaii;^ rMpwtt tn- 
Tery HtrikingI)' wiiiilar to tlie Beuakuui smbryoa*! merobruiee of the 
verWbratea.'' 

Gmeral yatvral Hisl-oni of Madngatcar. — This has been racentlr studied 
by M. Omndidier, who made numerous attronomicnl, meleoroln^al, and 
magneticiJ observatioua. He also studied closely the etlioology of the 
inhabitants, having taJien a predt many meaeureinenb upon the living 
biidy, and buTing collected notes of the habits, language, and traditi 
the people. His natural history collei^iona embrace over fifty new speoies 
of vertebrates, together with numerous insects and plonta. Large numbea 
of alcoholic specimens were also patbeied, for the purpose of further in- 
vestigation into the anatomy and structure of the entire animal. 

Tht Spongei, imd Mr. Carter, F.R.S. — " SiUitnan's Journal " publinbM 
the following note from Mr, Carter. He says, " I send you a line just to 
te)l you what you will be glad to learn, viz. that I have contirmed all that 
Professor James Clark, of Boston, has stated about the sponge-cell, am 
much more too. It is after all only what waa published aud illustrated ii 
the 'Annals' in 1857. Indeed, I am astonished now at the accuracy 
aud detail of that paper, now aU conSrmed by an examination of a mar 
calcareous sponge. I have aot only fed the sponge with indigo, a 
examined all at the moment, but the sponge so fed was put into ajHiit 
dii'ectly afterward, and now shows all the cells (mnoociliated) with the 
cilium altavhed and the iiuligu kIiU in the celii, This, I think, wUl break 
down Hitckel's hypothesis, which is as imaginative and incorrect as i\ 
bflnutiful. Ilia 'Magusphmra' too is figured in the 'Annok' (1856), and 
described i» ej'fenso as the amieboid cell which inhabits the mucus of tha 
cells or internodes of the Bombay (treat NiteUa. But there are no people in 
England, if on the Continent, who seem to be able to show this, if even 
they be cf^izant of it. Ejt oriente lur used to be the old phruse : the 
light ia now being rejtetied back from America. It is from there we must 
expect novelties now." 

Haw to mnke Local Muteum*. — These are generally such unmitigated 
beH]>B of rubbish that it is well to And some bint« of usefulness throwu out 
Mr. Townsend M. Hall, writing to the "Gaologiotl Magaxiae " (November), 
says that it is well to bear in mind that, in default of local collections, a 
great deal of good can be done by means of local calaloguea. Lei «aoh 
member of a Naturalists' Club undertake whatever branch of natunl 
history be is best acquainted with, and compile a list of the spedcs occur- 
ring in his own neighbourhood, — one might catalogue the fossils, giving tint 
names of characlerialic species found in tsach quarry ; another might 
devote himself to the minerals, and others would take in hand the bota- 
nical and zoological departments. Thus, by a well-organi;!i'd division of 
labour, an immense amount of valuable information would be accumulated, 
and the result would be a record of the distribution of ip^lps throughout 
the country, more lasting perhaps, though less attractive, thjn that afforded 
by many a local n: 
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[PLATE LXXXII,] 



AMONG the various natural olijeets whicli the ingenuity of 
man in all ages lias converted into articles of use or oma- 
ment, botti lu eavage and civilised life, none have attracted a 
greater amount of attention, or have been more in request, than 
the sbells of MoUusca, eapecially sea-Bhell . 

Their bright colours and diversity of i.inn are among their 
chief eharma to the uninitiated; whiltl, to the student of 
nalural history, they offer ample materials for Gcieiitific 

The shell in the Mollusk may be regarded as a calcified por- 
tion of tlie mantle specially provided (like the enclosing ribs of 
the vertebrata) to afford protection to the breathing organs and 
ht-art. Indeed, when reduced to amere rudimeQt,as in Linuiir, 
Ttntacella, Carinaria, &c., it forms only a hollow cone or plate 
protecting these organs. 

This structure, which lias sometimes been called a Pneumo- 
hkeleton. is so characteristic of the MoUnaca as to have 
obtained for them the title of Te^tacea," and the common name 
of " shell-lish " vtiy well expresses the leading feature in tin- 
group. 

Nevertheless, in one whole class, the Tunicala, and in 
several families, the shell is either wanting altogether, or is 
internal, or so rudimentary that it would never be popularly 
recoguiised as a shell. When fully developed, the shell of the 
Mollusk subserii'ea to protect the soft parts of the animal from 
injury, and the animal itself from the attacks of enemies, and, 
in Borne of the Oasteropoda, from those variations of tempera- 
ture and moisture to which the terfestrial species are peculiarly 

I exposed. 

^^^_ * From Uitn, a sbell. 
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Wliere the shell is alisent. or rudimentary, its protective func- 
tion ia supplied eillier liy greater activity on the part of the I 
unimal itself, as in the case of the " squid*," or by organs < 
concealment, as in the case of the inky fluid pi 
Poulpes and cuttle-fishes, with which they cloud the water, and ' 
so favour their escape. 

In the present paper I propose to point out certain peculi- 
arities in the shells of the Cephalopoda, and to inquire whether 
tliere is any ground for tbe BtUl^evalent idea that these 
struetureB are unlike any of their congeners in the Molluscan 
sub-kingdom. 

The estemal-shelled division of the Cephalopoda, representeid 
at. the present day by the '■' Pearly Xautilus ' alone, but in the 
past >ij the NautiluB, Ammonite, Goniatite. Orthoceratite, and 
a host of other forms, belcinga to the Tetrabranehiata (foiir- 
gilled), and were once a» entenaively represented in the ancient 
seaa of our globe as the naked or intemal-sbelled Dibranchiata 
(two-gilled) are in the seas of to-day. 

Only one other sipbonated shell is now known amongst 
living MolluBca, besides the pearly Nautilus ; it is the beau- 
tiful little interrtal pearly shell of the Splrvia (fig. 2), a email 
form of Cephalopod belonging to the Dibranehiate diWsion of 
tlie class in which arc placed the internal -she lied, active, free- 
Ewimuiing squids, cu '.lie-fishes, and the shell-Iese Octopua, to 
largely represented at tlie present day in the seas of all parts of I 
the world. ■ [ 

The chambered character of the shell, with its sipbuDck'. 
appears to be a unique molluscan structure entirely confined to 
the Cephalopoda. Nevertheless, many shells, belonging to 
widely-different families of the MoUusca, are cnvirraUd {i,e. 
divided into chambers, or are vaulted). 

Thus, for example, certain species of Helices (as tlie Hdiz 
(iecollata) always lose the apex of their spire on attaining their 
full growth. But before this takes place the animal has 
already formed a septum or septa within it*i shell, effectually 
shutting off the upper whorls from the inhabited portion. 

Veirinetus (see Plate, figa. 8, 9), EuotttphtUus (fig, 5), Triton 
(fig. 6), and Turrltella, all form internal septa to their shells. 

Aged Oysters (fig. 12), Grypha-n, Spondylvji, jEtkenia, and 
Tfredo (fig. 10), also form partitions within their habitations. 

The genus Caprinella (fig. 1 1 ), one of the Hippuritid», is 
remarkable for tlie symmetrical regularity of its septal parti- 
tions. These cavities in the lower, daep valve, of bivalve Miclla. 
generally contain water, and are called " inater-cha-mh^rs." 

The adult Magilue (fig. 7), on the contrary, fills up iU 
shell, not with septal partitions or cancellated slii'lf-sfriic'iiro, 

t with a solid, compact mass like arragonite. 
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No siphimcle, however, exists in any of these sliells. 
The shells of all MoUusca are composed of carbonate of 
lime ; but, so different is the mode of its arrangement in the 
tteveral orders, that their texture is &s various and characteristic 
as that of arragonite and calcite, although, like these minerals, 
they have precisely the same chemical composition. 

Home, when broken, present a dull lustre, like marhle or 
china, and are termed porceUajious : others are pearly, or 
naereoua ; some have a Jihroua structure ; some are homy ; 
others are glassy and translucent. 

In \autilua the inner layer and septa are nacreous ; the 
outer layer is porcdlanous. The composition of the Bhell in 
Nautilus is, then, the same as in the otlier MoUusca. As in 
them, also, it is coated, when alive, with a layer of epidermic 
or periostrucum, which is not a living membrane, and can only 
be reproduced around the mouth of the shell, or where it is 
within reach of the margin of the mantle. It is the umbonal 
portion of bivalve shells and the spires of univalves which first 
become eroded and injured; and one object, no doubt, in the 
formation of septa in all shells, is to shut off the damaged and 
ontenantable part of their abodes. 

Dr. S. P. Woodward, in his " Manual of the MoUusca " 
(p. 82), observes : " With respect to the purpose of the air- 
9Ut7nber8, much ingenuity has lieen exercised in devising an 
explanation of their assumed hydrostatic function, whereby the 
Nautilus can rise at will to the surface, or sink, on the approach 
of storms, to the quiet recesses of the deep. Unfortunately for 
such poetical speculations, tlie Nautilus appears on the sur- 
lace only ' when driven up by storms,' and its sphere of action 
k on the bed of the sea, wliere it creeps like a snail, or perhaps 
UcB in wait for unwary crabs and ^hell-fish, like some gigantic 
KSr-anemone, with outspread tentacles." 

Mr. Frederick Edwards, in hie Monograph of the Eocene 
Cephalopodous MoUusca (Palfeontographical Society, 1849, 

J. 12), says i*^ It is obvious therefore that the hydi-ostatic 
t^nce would be destroyed if any one of the deserted cliambers 
were so injured aa no longer to act as a Boat." 

In Woodward's " Manual of the Mullusca " we find it also 
stated that " the use of the air-ckambe-ra ia to render the 
whole animal, and shell, of nearly the same specific gravity 
wiih the water" (p. 82). 

But no such buoy would be required for a botttynv-feeder; 

iodeed, it would prevent it from remaining below. I believe 

the facts of the case tend to show that, like the " water- 

I Spondylus," the chambers were filled, or partially filled, witli 

Kater, which woidd be certain to find its way into the 
bered portion of the shell, through its pores, thus 
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displacing the air in spite of the animal. The Pearly Vaatflw 
ii (uiid to inhabit a depth of from twenty to thirty &thonu. 
The pressure therefore of such a column of water must be very 
considerable, equal indeed to more than six atmospheres. 

Mr. George Bennett, M.B.C.S., F.L.S., through iriiom Pro- 
fessor Owen obtained the first Bpecimen of the animal of the 
Pearly Nautilus, described by him in 1832, states: "On Uy- 
ing carefully open that portion of the shell which contained the 
chambers, it was found to contain waier, which <rf coarse im- 
mediately escaped." * 

In 1870 I had an opportunity of opening the chambeivd 
portion of the shell of a NatUUua umbilicatus, which had been 
presened, with the animal^ in spirits of wine.f The last three 
I'hambers preceding that occupied by the animal were hiid hare 
for a distance equal to half the circuit of the sheU-whorU 

The siphuncle (when the chambers were laid open) waaquiti* 
entire, and sheathed in a thin nacreous investment, which, how- 
ever, attains to considerable thickness near to each septum. 

The chambers contained a large quantity of fluid of which I 
ilid not speciiilly take note at the time ; but on reading Professor 
I iwen's Siemoir, I have no doubt that its presence in this, and 
also in Mr. Dennett's specimen, was not abnormal (»s 1 had 
supposed), but in accordance with the natural state of iiU 
civmcrat«d shells, and that it is a mieiumier any longer to call 
t.hem *' avr ckwmiiere." 

" How, then," Mr. Frederick Edwards inquires (op. cit-p. 12). 
" is ihe necesaary commimication between the animal and the 
■ nir-cbarabera ' maintained, and the vitality of the deserted shell 
pmser^'ed ? " It has been shown that the siphuncle traverses 
Ihe chambers to the extreme nucleus of the shell, and that it is 
provided with a small artery and a vein : and we also learn, from 
I'nifensor Owen's Memoir, that in the Nautilus 'a delicate 
[lellicle, distinct from the tube, is continued over the outer part 
i.f the testaceous tube, and also over the whole inner surface of 
I Im chambers.' " May we not, then," Mj. Edwarda adds, 
" rt-aminal>!y_ regard the siphuncle with its artery and vein, and 
rhi' pellicle lining the iiir-cbambers, as the organ destinedt-c 
niiiiutaiu the vitality of the shell, and feel ourselves justified in 
iMiiisidering thi« oflSce to be in fact the primary function of the 
itiphuncle?" 

Professor Owen, however, dDes not state that he detected the 
artery and vein beyond a few lines distance from its origin at 
the mantle. He writes as follows ; — 

■ EitTKCt from Mr. Bennett's " Joumnl." part i., quoted bv ProfeaftW 
Own. in hia " Memoir on tbe PbmIt Nautilus," 1632, p. 7. 
t " British AsaocimioD Heporta," Lirerpocl, isro, ]i. 128. 
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I* Krom the extremity of the sac is continued a small tubular 
mbrftDous process, which pas^g tlirou<;h the eiphonic apertures 
ID the septa of the shell, and is continued, there la reasou to 
l>elieve, to the innermost chamWr. Tliis tube has Iwen aurmised 
to be tendinous or muscular ; but the attacliment of the shell 
to the soft parts proves to be effected by much more adequate 
means. Bumphius appears to have been acquainted with itit 
true structure, for he calls it an artery {eeii langen achr), and 
in fact within the external thin membrane are included a smalt 
artery and vein. How far these vessels are continued within 
the chambere-d portion of the shell, or in what manner they are 
distributed, remains for some future investigation ; for in the 
present instance the only part of the shell that was preser\-ed 
was the small portion adhering to one of the horny tendons, am; 
the membranous tulie bad been ruptured, in removing the 
animal, at afeiv linf^ diutance from its origin at the manttp. 
This tube appears to be contracted at its origin, and its diameter 
at the wider part is one line and a half." • 

Admitting, however, that the purpose of the siphuncle is to 
iiuintaiii the vitality of the shell duringtbe long life of theanimal, 
how, we venture to ask, can this vitality be maintained in a 
non-vascular body ? If the siphuncle be a means for repairing 
the shell, we ought to Jind some connection between it and the 
shell, hut Buch does not exist ; indeed, the fossil species have, in 
many instances, enormously thick nacreous or shelly tubes. 

In fact, when the shell of the Nautilus, or of any other 
Mollusk, is once formed, it is estra\'ascular, or dead ■mattei; in 
the same sense that nails and hoofs and hair of higher animals 
are so — being incapable of repair, save at the growing end or 
where in contact with the shell-seci-eting mantle. 

In the specimen of Nautilus uinbilicatue already referred 
to, which I had the good fortime to examine, I observed the 
thin pellicle of membrane, described by Professor Owen, lining 
the chambers ; but as it is only a film and presenta no structure 
under the microscope, I conclude it to be deposited or left 
behind by the secreting siui'ace of the mantle when the nacreous 
septiun waa formed. And this opinion is strengthened by Dr. 
Carpenter's statement " that in every distinct formation of shell- 
substance there is a single layer of membrane," and "that this 
membrane was at one time a constituent part of the mantle of 
the mollusc." t 

The nacreous covering of the siphuncle was entire, and on 
removal it was found to enclose a simple membranous tube, 
composed of an extension of the periostrucum, and exhibiting 
no structiu'e even under a one-tenth objective. 



i, 



Professor Owen's " Memoir oa tha Pearly Nautilui,'' ^. 10. 
"Biiiifb Afsociation Beporta," 1844, p. 9. 
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Ab 1 cuuld uot detect any artery or vein, I conclude that lliey | 
piubaMy do not extend beyond the fiist cliamber. This view ' 
coincides with Professor Owen's statement " that " neither thp 
contents nor the vital properties of the siphon are, however, yet 
known ; !in artery and vein »re assi^^ed for its life and nutri- 
tion, and to extend a low degree of the same influence to the 
stUTonnding shell : but the structure of the membranous siphon, 
in the specimens from which I had the opportunity of examining 
it in a recent state, present*^ beyond the first chamber, an in- 
extensible and almost friable texture, apparently unsusceptible 
of dilatation and contraction ; it is also coated beyond the ex- 
tremity of the short testaceous siphon with a thin calcareous 
(nacreous) deposit," 

We know that the body of the animal in Nautilus is attached 
to the shell by means of the two adductor ransclee, and liy o 
continuous homy girdle around the mouth of the body- 
chamber. The suggestion, therefore, of Von Buch, that the 
function of the siphuncle was to hold the animal into its ebell. 
loses much of its significanc*. 

But may it not have been the most important point of at- 
tachment between the animal and it* shell in the earlier forma 
of the Tetrabniuchiata ? 

In support of this %iew we may notice that in the fossil 
Nautili it was a shelly tube of considerable size and tbiekne-os 
(Plate LXXXII. fig. 4). whilst in Orthocenis it attained to a 
gieat magnitude — as, for instance, in the genus Hiirofiia, in 
which the siphuncle is as large as a human vertebral column. 
In Actinoceraa, Gyroceraa, and Pkragmoofms, the sipbimcle is 
also very lai^e, and contains in its centre a smaller tube, the 
space between the two being tilled up with radiating plates, like 
the lamellas of a coral. 

Speaking of the connection between the Nautilus pompiliva 
and its shell. Professor Owen f says ; " A third point of at- 
tachment is to the bottom of the shell by the posterior ex- 
tremity of the mantle, which probably presents a conical form 
iu the embryo Nautilus." 

If, then, the sipbimcle in tlie young stage forms the main ' 
point of attachment between the animal and its shell, we may 
reasonably argue that the siphuncle in the adult Nautilus ii 
simply the evidence of an aborted embryonal organ whoee 
fimetion is now fulfilled by the shell-muscles, but which, in the 
more ancient and straight-shelled representatives of the group 
(the Orthoceratites), was uot merely an embryonal but an im- 
jwrtant organ in the adult. 

• " Lecturp" ou tbe Invcrtebnita," XXIII., 2ud edition, IS&i, fv SOi. 
t Ibid. p. fiB2. 



ON TBK STSUCIDBB OF CAUEBATXD 8HSLUS. 

K^e formiitioii of the septa is imdoulitetliy due to the constant 
rard growth of the shell, seagoti by season, atid in the female to 
the periodic development of the ova within the ovary of the 
parent ; producing when disfhai^ed from the shell, a correspond- 
ing reduction in the size of the soft paits of the animal, and 
necessitating an e<iual reduction in the space of the Iwdy- 
chamber. 

In youth these septa represent periods of rest in shell-growth ; 
in middle-life periods of fertility ; in age reduction of the shell 
to suit the reduced size of the Mollusk. 

In this respect the septa in Nautilus agi'ee with those found 
in other Molluscs, 

" The line of attachment of both the muscles and the cincture 
progressively advances witli the gi'owtli of the animals. A 
certain portion of the fundus of the shell thus becomes vacated, 
and the Nautilus commences the formation of a new plate for 
tlie support of the part of the body which has been withdrawn 
from the vacated shell. The formation of the plate proceeds 
from the circumference to the centre, and there meeting the 
conical process of the mantle, whieh retains its primitive attach- 
ment, the L^cification is continued backwards for a short dis- 
tance around the process which now forma the commencement 
of the membranous siphon, and acquires the partial protection 
of the calcareous tube. An air-tight chamber is thus formed, 
traversed by the siphon, which perforates its anterior wall or 
septum ; by a repetition of the same process a second chamber 
is formed, included within two perforated septa ; and similar 
but wider partitions continue to be added, concurrently with the 
formation of the new layers which extend and expand the mouth 
of the shell, imtil the animal acquires its full growth, which is 
indicated by the body having receded for a less distance from 
the penultimate septum before the formation of the last septum 
is b^^," (Owen, op. cit. p. 592.) 

In Aturia zic-zac (figs. 3, 4), the siphuncle is not con- 
tinuous, but ia composed of a series of funnel-shaped tubes 
inserted into each other. 

In Oetrea 1 have observed that the shell-muscle appears to be 
the last poi/id to be elevated upon the new shell-layer or septum 
formed within the lower valve, so that a section of an aged 
oyster exhibits a series of incipient siphuncular depressions, 
each fitting into that preceding it. (Plate LXXXII. fig. 12.) 
The attachment of the muscle in the oysters may perhaps offer 
the true explanation of the mode of the formation of the shelly 
Uibe or siphuncle in the Pearly Nautilus. 

If we will only bear in mind this fact, that the animal of the 
^^^^ter and the Nautilus are each alike compelled by the constant, 
^^Kpugh almost imperceptible, growth of the mouth or border of J 



the shell, to which it is attached hv the mai^n of its mantle, to 
move /orJvaird in its habitation, klJ that its hinge-ligament and 
shell-muscles are absorbed behind, and added to in front, to 
accommodate themselves to the on ward growth of tlieshell-border; 
of necessity, therefore, the animal cannot let go its muscular or 
its siphuucular point of attachment to the old septal surface 
until the new one is made ready : hence the dipping down from 
layer to layer of the oyster's shell-muscle (fig. 12); hence also 
the ciuious fimnel-like tubes in Atui-ia * (fig. 4). 

Although, as we are quite ready to admit, no analog]' can 
perhaps be drawn between these two forms, occupying, as they 
do, the one the hifjhest and the other the lowest place in the 
Testaceous scale, yet there nevertheless seems to be a definite 
mode of growth in all shell-structures, which even the highly- 
developed Cephalopoda share with the rest. 
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« 1. Section of the ufaell of the Pearly Nnutilus, 

Showingwnter-cbnaiberH(P)bodj-chBmber,andsipbuiicle(Tetni- 

tintnchiata). 
, 2. Sptnila ItrpU, New Zealand. 
, !i. Atwin zic-aac. LoDdan clny, Higbpnte. 
, 4. Broken shell of Aturia tie-aac. Mioci^oe, Bax, to show funael- 

ahaped si phone. 
, G. Section of Riomphaliu, showing septa. Carboniferous limestone, 

BoUand, Yorlisbire. 
,, 6. Section of Triton comtgatus, showing septn formed in np«i of spire. 
., 7. Magiba OTitiijiuit, Red Sea. The nuii;i7Ha lives fixed Hniongsiconds, 

and grows upwards with the growth of the loopbytea in which 

it becomes immersed ? it Gils the cavity of ita tube with to/id 

ihell as it advances. 
„ 8. T'emWun lumbricnlu (young), West Africa. 
„ !>. Part of ao old lube of Vermefta maiimia, showing septa. 
„ 10. Part of tube of Teredo anlmccuUe, London clay (cut to show eepta). 

Wethercll collection. Sheppey. 
„ 11, Shell of Ci^ii'iifllii triajiffuhru, Oem. (one of the Sippuritiitt). 

V, Greensand, RocheUe. 
„ 12. Section of an nged oyster (Oitiva BnUai/ei), Bhowing indentation in 

each shell-layer whera the muscular attachment wns fixed. 
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the deep sea. 



Bi Dr. W. B. CABPENTER, F.R.S, 



UNTIL a recent period, tJie bottom of the Deep Sea has been 
— ^if I may make uae of an Irish " bull " — an unknown lantl 
to us ; for the means of research into its condition were very 
uneatiefactorj. For example, in the first place, with regard to 
temperature. If we let down a self-registering thermometer, 
vbich should give the lowest or the highest temperature which is 
there encountered, there is this source of error in the indicationsof 
the thermometer — that the enormous pressure of the water upon 
Uie glass hulh will very prohably so alter the shape of the bulb 
as to force up the mercuiy in the tube, so as to cause it to 
register a temperature several d^jreea higher than that which 
it actually encountered. Now it has only been recently — 
throogb the ingenioua contrivance of my late excellent friend, 
professor Miller, of King's College — that this difficulty has 
been overcome. We found, on putting thermometers of ordi- 
nary construction into the waler-cliamber of an lUHtriimeut 
ixiiutructed on the principle of the Bi-amuh press, with a 
)»werfu] force-pimap that should suliject these thermometers to 
pressure of any amount up to three tons to the square inch, that 
lie very best instnmienta that had been previously relied upon 
were raised from eight to ten degrees by the pressure of the 
wter forced in ; and we foimd that inferior thermometers, such 
u bad been used in many deep-sea soundings on former occa- 
nons, were raised from twenty to Jifty degrees. So that you 
•ee there is no reliance to he placed on any previous deep-sea 
•mudings as to temperature, except: in this, that we know that 

leiTor of their thermometers could not have been less than 
amount. For instance, when Sir James Rosa and his 
anions carried on their deep soundings in the Southern seas, 

! found, as they very often did, at a depth of from 1,500 to 
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y.OOO fathoraa. that their thermometers indiented a ti-mpt-ni- 
ture of 39 or 40 degreeg, we now know that the amalleet error at 
their thermometers being sccen or eig}d de^T-ees at those depths, 
the true temperature could not have betu higher than aboiii 
32 degreeB — that is, about the freezing point of fresh water. 
The means which Professor Miller su^esttd for overeoming this 
difficulty was extremely simple. It was merely to enclose the 
bulb of' the thermometer in an outer bulb, sealed round the 
neck, a space being left between the two bulbs. Now that 
space was not left entirely empty ; it was about three parts 
tilled with fluid. You may ask. Why was the fluid introduced 
there? For this reason — if only air had beeii left in that 
space, the inner bulb would have been a very long time in 
taking the temperature of the water round the outer bulb ; the 
air being a bad conductor, it would have been necessary to 
allow the tliermometer to remain perhaps an hour before the 
mercury or spirit of the inner bulb would have taken the 
temperature of the water outside; but by intToducing between 
the bulbs some spirit, that spirit conveyed the heat or the cold 
from the outer to the inner. Still the intervening space was 
rmt filled vith thespirit, because ifit had been, the pressure upon 
the outer bulb, and its consequent change of form, would have 
acted in the same manner upon the inner bulb ; but by leaving 
void a part of that space, any reduction in the capacity of the 
outer biilb which pressure might produce merely diminislied 
that void, and produced no alteration in the shape of the inner 
bulb. We subjected thermometers, which were thus protected, 
to the pressure of three tone to the square inch, and foimd that 
they did not rise more than about one degree ; and that small 
rise was really due, we have reason to believe, to an increase 
of heat in the liquid occasioned by the pressure to which it wits 
subjected. That is the mode in which the thermometer has 
l>een adapted to the purpose of obtaining the real temperature 
of the deepest ocean waters ; and I shall show you what very 
important infoiination we have derived from its use. 

The pressure which is caused by a coliunn of water of course 
varies with the height of the colunm — that is to say, with the 
depth of the water ; and in round numbers we may say that at 
800 fathoma the pressure of a column of water is one ton upmi 
every square inch: therefore, at 2,400 fathoms, which whs 
nearly the greatest depth to which our soundings extended, the 
pressure is three tons to the square inch: and that is just the 
pressure to which our thermometers had bet-n tested. There- 
fore we know that we Lad within a degree (we always used two 
thermometers) the real temperatm-e of the bottom of the ocean. 
Now I shall show you what very curious and important informa- 
tion wc derived from ascertaining the temperature, not only of 
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B "bottom of the ocean at different deptba, bat also of different 
^portions of the columii of water in going down tu the bottom. 
Thi» we ascertained by letting down our thermometers to n 
certain depth, and then takinj^ them up; then letting them 
down to a greater depth ; and ao on. In that manner we got 
what I tejm " Berial soundingB " — tliat is, a series of temperatures 
of different depths in the same spot ; and those corresponded very 
closely indeed with the bottom temperatures that we got at like 
varying depths. As a ride, the lowest temperature was always 
the bottom temperature. I Khali presently explain to you bow 
this comes to pass. 

Our first espedition was a very short one. We had very bad 
weather in a very stormy refjion, between the North of Scotland 
and the Faroe Islands, and we were not able to make many 
soundings or many dreilgings ; and yet, by a piece of extra- 
ordinary good fortune, the temperatures of the soundings that 
we obtained were as curious as anjwe have obtained since : and 
they suggested to me a general doctrine in regard to Oceanic 
Circulation, that all our subsequent researches have tended to 
confirm. The general facts of the ease you will see hv this 
map and the table by the side of it. Here is the north point of 
Scotland, the Orkney Islands, and Stomoway, the little port of 
the Hebrides from which we started. Here are the Faroe Islands. 
Thisdtitted line is what is called the "hundred fathom line" — 
that is, the line which bounds that curious platform, so to 
«peak, of which the British Islands constitute the highest part. 
So that dotted line around the Faroe Islands represents water 
which is under 100 fathoms. Now between this and the 
Shetland Islands is a deep channel reaching down to 600 fathoms, 
which is a depth nearly equal to the height of Snowdon. 
Our soundings in the first expedition were made along this line, 
where we found, in a part of the channel, very low tempera- 
tures, such as 33, 32'2, and 32 degrees, But at the like depth 
in another part of this channel, the soundings, as marked in the 
upper part of the table, show a temperature of 45 to 48 degrees. 
Here was a very marked and curious contrast; for within a 
short distance of each other, in one instance only twenty inilea 
apart, we foimd two very different climates at tfte same depth. 
Now the existence of these two very different climates showed 
it«elf, when we carefiUly worked it out afterwards, in two very 
dislinL't kinds of animal life, and in two very distinct kinds of 
deposit on the bottom of the ocean. I will first show how our 
next year's work in the same region filled up and completed 
this inqtury, and gave us some very curioug points in addition. 
Von may imagine with what interest we went over tliis ground 
^^Q, provided with our superior thermometers ; for the first 
year's work was done with the old tbeniioiaet«TB) ouV^ ^'a* 
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depths were not so great as eeriously to interfere with their 
performance. And you will observe that wliether those thermw- 
ineters had been in error or not (which we did not know till 
we tried), the same efifect would be produced in raising the 
mercury at 500 fathoms, whether it was in the warm or the 
cold area ; no that tlie difference of the warm and the cold — 
between about 32 and 47 degrees — would bejust the same. These 
thermometcra liaving been a couple or three degrees too high- 
as they proved to be — we found that the temperature of the 
first year, which had been 32°, became 30", and that which 
had been 47° was really 45". But the difference of 15 degrees 
wae exactly the same ; and the conclusions at which we bad 
originally arrived in regard to it were verified in the very 
careful, numerous, and elaborate inquiries which we prosecuted' 
over this aiea the next year. The most I'emarkable contnistjt' 
of (i<5(((*m-temperature were shown at different deptJis on the 
tioutbem slope of the channel. Thus, at a depth of 190 fathoms 
the temperature was 48'''6; whilst ojUy eight viiles to the 
north, where the depth bad increased to 445 &thoms, the ther- 
mometer sank to 30°" 1 ; thus showing a difference of bottom- 
temperature to the amount of 16/ within that short distance, 
with a difference of only 255 fathoms in depth. 

Again, we took what I have called "serial soundings;" that 
is, we let down our thenuometerti at different depths, for instance' 
at 50 fathoms, then at 100, then at 150, theu 200, then 250^ 
and so on every 50 tathoms; and the results we got are abowa 
in the diagram, which is so constructed that a curve indicates 
the descent of the thermometer, and the depths are espre«»ed 
by the horizontal figures, which rim from 50 to 100, 150, &c, 
marking every 50 fathoma. 

In all this ai'ea, whether it was warm or cold at t)ie 6ottomi we 
found nearly the same sw-r/oce-temperatiu-e — a very curious 
tact. If we went north it was a little less, and if south a Itttla 
more ; but about 52 degrees was the average. We found tJiat 
in all parte of this area tiie descent through the lowering of the 
thermometer in the first 150 fathoma was the same ; and in the 
warm area, when we got below 150 fathoms, there was very little 
more lowering of the temperature. You see that the line ' 
the waiin area continues nearly horizontal till we pass about 
500 fathoms; but from 150 to about 500 fathoma there was 
very little lowering of the temperature, the reduction being 
from 52" at the surface to about 45° at 500 or 600 fathoms. But 
now see what takes place in the eoH area. This Upper line,, 
which at 100 fathoms is but a little below the olher, begins to- 
drop rapidly, so that at 200 fathoms it is very decidedly beh 
and then it goes down still more rapidly, so that within 10ft 
iathoms it dropped about 15 degrees ; aud all the water in lliatt 
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tbe bottom (640 fktiioms) was a river, so U> speak, of glacinl 
water nearly 2,000 feet deep — below tlte freezing point of fna-li 
water. Now that was tlie very oirioue fact which our investi- 
gations of this channel between tlie Faroe islands and Orkney' 
and Shetland brought to our knowledge. Tliat channel I 
have been accnstomed to designate the " Lightning Channel," 
" Lightning " being the name of the vessel assigned to us in oiir 
lirst expedition. This cold stream must hare come straight into 
this channel from the Polar area ; but over it there was another 
stream proceeding north-east, consisting of water warmer than 
the nonnal water of the latitude ; for this last would have been 
about 40°, while the temperature of the surface was about 52", 
and even at 500 fathoms it only sank fji 45". 

Now, then, what is the meaning of this ? When I speak of a 
" stream " and " flowing," you must understand that there is 
nothing like a visible movement. I say that tliis cold stream must 
be flowing, because if it were not flowing it could not retain its 
temperature ; it would soon give up its warmth to the wat«fr 
above. It is quite a physical necessity that it should be in 
movement ; and of course if it la in motion, only by coming 
f om the Polar area could it have brought this cold temperature 
with it, for at the brjttom it was about 29^ degrees. You are 
aware that 32 degrees is the freezing point of fr*»h water ; but 
it is not the freezing point of salt water. Sea water freezes at 
about 27° ; if it is kept very still it will not freeze till 25° ; and 
there is a most important diflTerence in the condition of sea 
water and fresh water as regards temperatiu'e below 39-2 degrees. 
You all know perfectly well that when a frost acts npon the 
surface of a lake, river, or pond, the water freezes on the 
eur&ee ; and if you put down a thermometer into the water 
below, you will find that its temperature is about 39 degrees. 
Now, why is this? You know that the ordinary -rule of the 
contraction of water is that it shrinks, just like the mercury in 
a thermometer, with cold, and expands with heat. As it 
shrinks it becomes denser, and therefore heavier, bulk for bulk ; 
consequently when a low atmospheric temperatiu-e is acting 
upon the surface of a pond or lake, the water as it is cooled at 
the surface becomes heavier and goes down. So it keeps on 
going down, while the wanner water Iwneath, which is lighter, 
comes up to the surface, till the whole is cooled down to about 
39'2 d^ees; but then continued cold does not produce the 
same etiVct, for below 30-2 the water begins to expand again, 
the gre.iter cold making it lighter instead of lieavier; consi^ 
quently the water which is cooled to below 39-2 degrees rpmaiiu 
on the surface, and by continued exposure to the actioii of iht 
cold atmosphere it freezes and forms a layer of ice. But that 
is not the case with salt water. Sea water continues, to contract 
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ili>wn to its freezing point ; the more it is cooled the heavier it 
Wi-iiiiiea, because ita bulk dimiDishes ; it therefore einke in 
priiportion to its degree of coldness ; and in this manner it is 
that the coldest water nearly always comes to be at the bottom. 

This has a moat important relation to the doctrine of Sub- 
marine Climate. I have shown you here a sort of little compact 
pocket edition of a set of phenomena, which, as I am now going 
to explain, probably prevails over the whole of our great Oceans. 
In our soundings a few months ago on the coast of Spain and 
Portugal, we came upon this fact ; the surface temperature wa.s 
rery high, about 65 degrees ; in the first 100 fiithoms we lost 
about 10 degrees of this, which we may call the super-heating 
of the wirfacei produced by the powerful rays of the midsummer 
sun. Then the temperature trora a deptli of 100 fathoms down 
to 800 lowered very slowly, just as it does in the " warm area ; " 
*) that at 800 fathoms it only got down to 49 degrees. But in 
the next 200 fathoms, between 800 and 1,000, there was a loss 
fif 9 degrees, the temperature falling to 40; in another 100 
&tboms, it fell another degree ; and over the deeper soundings 
which we took in the previous year, extending down to 2,435 
&tboms, or nearly three miles — a depth about equal to the 
height of Mont Blanc — we got a temperature as low as 36J 
degrees ; and still lower temperatures have been obtained 
elsewhere, even near the Equator. The recent temperature- 
sounding made by Commander Clummo with the " prot-ected " 
therm omet-ers, in Lat. 3° S. and Long. 95" E., have given 35°*2 
as the bottom-temperature at 1,806 fathoms, and 33'''6 at 2,30(i 
fathoms. Here, then, you see we have in our great Oceans a 
condition just comparable with that which we found in the 
Lightning Channel : first we have an upper stratum of warm 
water ; then we have what I have designated a " stratum of in- 
termixture;" but below 1,000 fathoms, the water ranges from 
39' nearly down to freezing point. Near the Pole it is quite 
down to freezing point ; but when it is nearer the Equator, 
where it has had a long way to flow from the Pole, it will have 
Required a certain slight degree of warmth ; but still, you see, 
the finding a temperature of 33 or 35 degrees under the Equator, 
Hhows clearly that that water must have come from one or 
othOT of the Poles. 

Let us now inquire what account can be given of this 
remarkable phenomenon. Here we have in the deep Oceanic 
basins this layer of water extending more than a mile deep — 
wster which must have been derived from the Polar area. 
What account can we give of it? How does it come to be 
there ? and how does it come to retain its low temperature ? 

tl think it may be said with perfect certainty, that it could 
long retain its low temperature unless it was coutinu&li; 
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supplied from the Polar area. I will show you how this supply 
takes place. Here, for instance, in this Lightning Chumel, we 
found that we could distinctly trace it along near to the corner 
of the Faroe Banks ; and though we had not the means (which 
I hope we may at some future time) of measuring its move- 
ment, yet by the natiu'e of the bottom we felt pretty sure t-liat 
it was a running stream, for the pebbles there instead of being 
angular were round — which you know is a distinct indication 
of a current. Well, then, we have every reason to believe that 
tliis stream ran on and discharged itself into the great Atlantic 
basin. For about 100 miles to the westward of this there is a 
deep slope, going dovm to 1,500 or 2,000 fathoms ; and thui* 
it would be one of the feeders, so to speak, of the great mass 
of Polar water in the Atlantic basin. Then between the Faroe 
Islands and Iceland there is a shallow bank ; but between Ice- 
land and Greenland, again, there is a wide and deep channel, 
through wliich a very large mass of Polar water can come down. 
And though no temperature -soundings have yet been made (so 
tar as I am aware) in this channel, yet the character of the 
bottom, as shown in the "Eiill-dog" soundings, corresponded 
so closely with that of our own cold area, as to justiiy the 
belief that the deep water is glacial. Now water cannot lje 
always flowing out of the Polar basin, without water from some 
other source flowing into it ; so that if there is such an outflow 
at its bottom, the circulation must be completed by a constant 
irtflow of dui/ace-water. While, then, the deeper water is coming 
/roTTi the Pole, there roust be surfaoe-v&tei going totvard^ tie 
Pole. 

You have all heard of the Gulf Stream. It is a great mass 
of water issuing from the Gulf of Mexico through the channel 
between the peninsula of Florida and the Bahama Islands, and 
flowing in a north-easterly direction. The very powerful cur- 
rent that passes through that narrow channel, flows at flr&t at 
the rate of three or four miles an hour in a direction which 
carries it towards the Banks of Newfoundland and the Azores ; 
and it is popularly believed to flow on towards the northern 
coast of the British Isles, and thence to Spitzbergen, Iceland, 
and even Nova Zemhla. Now I have every reason to believe, 
from careful inquiries lately made, that this Gulf Stream really 
has not much to do with the phenomena of which I have been 
telling you, and that its influence pretty much ceases not far 
to the eastward of the hanks of Newfoundland. The Gulf Stream 
is part of the horiziytUiiX circulation in the North Atlantic. 1 
think you will easily understand the difference between a hori- 
zontal circulation and a vertical circulation. Look at. the 
wind ruffling the surface of a pond. It blows the water in 
pfirlicidar direction, and produces little ripples. If it driv* 
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away the water, of course water must come in to fill up its 
place from Home other part of the pond. That is a borizontal 
drculatiou ; and the horizontal circulation in the Atlantic ia 
produced in this way. The Trade ^'inds are always blowing 
between the tropica from east to west; they move along an 
enormous mass of water, excessively lieated by the action of the 
sun, constituting the Equatorial Current, and drive it into the 
Gulf of Mexico ; it circulates there, and comes out from the 
Florida channel as a rapid current. But that rapid current, 
there is strong reason to believe, is not as deep as is commonly 
supposed ; and the amoimt of the heat it carries has been very 
much over-estimated. As it passes along the coast of the 
United States (separated from it by a current of cold water that 
comes down from the north), it spreads itself out, becoming pro- 
portionally thinner, and at the same time slsckeniDg in its rate 
of movement. Its temperature progressively falls, especially 
Id winter; and when the stream is reduced to a mere surface- 
film, it cannot retain a temperature much above that of the 
atmosphere. About half of it, when it come to the Azores, 
or Western Islands, turns roimd again, goes near the African 
coast, and returns Into the Equatorial current; completing 
therefore one portion of the circulation I have spoken of. The 
other half goes on past the BankiJ of Newfoundland ; there it 
meets the surface of the Arctic stream, which brt-aka it up 
or "inter-digitates" with it — this word expressing an action 
like that of passii^ one set of fingers through another. I admit 
that a portion of the Gulf Stream goes north, but the greater 
part of it is stopped and cooled by this Polar current coming 
down ; and it ia the southward cont inuation of this cold sur/ace- 
current from the coasts of Gieenlaod and Labrador, which gives 
the low winter temperature to the seaboard of the United States, 
and which forms the complement of the northern half of the 
Gulf Stream. It is known that Polar water also underlies the 
Gulf Stream ; for if you send the thermometer sufficiently deep, 
you find a very low temperature beneath this extraordinary 
flurfacf-current, even in the Florida channel. 

I have adverted to the Gulf Stream, because I want to show 
the important influence of ihe upper movement, of warm water 
of which I previously spoke, which is quite independent of the 
Gulf Stream. Suppose that the narrow peninsula of Mexico, or 
the narrowest part of it, the IwthmuBof Panama, which connectii 
North and South America, were broken through — as it will 
be in course of ages by the action of the sea — so that a free 
ooaree should be given to the Equatorial cuiTent ; it would 
then go right through into the Pacific Ocean, and we should 
have no Gulf Stream at all. But even in that case, 1 think 
our climate would not suffer so much as most peisouB '>K;\\e\e -, 
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because though we should loee some portion of our warm 
eouth-weBterly wiuds, this coustant flow of wanu water wbiuli is 
taking place in the whole mass of the North Atlantic — from the 
southerly area directly towards the north and north-east, so 
Eis to enter the Polar area — will still continue, carrying with it 
a temperature which, taken altogether, is very much greater 
than thai of the Gulf Stream. For the last we know definitely 
of the Gulf Stream shows that it is thinned off to a layer of 
certainly not more than 50 fathoms, and perhaps less, and 
reduced to a. temperature of about 65 degrees; whereas this 
great slowly-moving mass of water carries a temperature higher 
than the temperature of the latitude down to 500 or 600 
fathoms' depth ; and as the surface is cooled, warm water from 
below will come up to take its place ; and in this manner will I 
cany into the Polar area a great body of heat derived fiom the 
general surface of the Temperate and Tropical oceans. And this 
I believe has taken place in all Geological periods, quite irre- 
spective of any such local accidents as those which produce the 
Gulf Stream. There must have been in all Geological periods 
& movement of this warmer water from the Equatorial towards 
the Polar area, and conversely (and this is most important 
geologically) a movement of cold water in the depths of the 
oceanic basins, from the Polar towards the Equatorial area, 
bringing with it the characteristic animals of the Polar 
climate. ' 

But you will ask, and very properly, " What evidence have 
you of this movement?" and "What produces this move- 
ment?" Now, the evidence of such a movement lies in the 
feet that cold water could not remain cold water at the bottom 
of these Oceanic basins, if the supply were not ke_pt up from the i 
cold basins at the Poles. I will give you an illustration. We I 
were at work this last summer in the Mediterranean ; and we ' 
found its condition most curiously different in regard to tem- 
perature from the condition of the Atlantic. The Mediterranean 
is a basin which, to use a Scotch word, is " self-contained ;" it 
is shut in almost entirely, the Strait of Gibraltar being it« only 
communication with the outside ; and that Strait is so shallow 
at its outlet, that no communication between the deep water of 
the Mediterranean and that of the Atlantic can possibly take 
place. The Mediterranean goes down in some parts to a deptb 
of 2,000 fathoms ; we ourselves sounded to above 1,700, that is ' 
from about 11,000 to 12,000 feet. We found the siuface very hot, ' 
being there in August and September ; the temperature of the 
surface of the sea rose to 78 degrees in some instances. But 
we found that hot temperature limited to a very shallow layer 
indeed; we lost 10 or 15 degrees of that heat in 30 fathoms; 
at a depth of 30 fathoms we found the temperature perhaps 63, 
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Bometim^ as low as 60 degrees. Then a further loss of tem- 

^lerature would be experienced in going down to 100 fathoms. 
At that depth we came almost invariably to 54 or 55 degrees ; 
and whatever was the temperature at 100 fathoms, that it was 
down to the very bottom ; depth there made no diiference at 
all ; if it was 55 degrees at 100 fathoms it would he 55 at 1,700 
fathoms; and if it was 56 degrees at iOO fathoms it would be 
the same at the greatest depth. There was a little difference 
in different parts of the area, which can be explained by local 
oausee; but, as a rule, whatever the temperature was at 100 
fathoms, that it was at the bottom. 

Now what is the cause of this difference between the Medi- 
terranean and the Atlantic? In a basin of very great depth, 
like the Mediterranean, why should the temperature be thus 
curiously uniform ? Simply because it is entirely cut off from 
this General Oceanic Circulation, eo that the water takes the 
temperature of the crust of the earth at that particular part. I 
will give you some curious evidence that such is the case. 
Thermometers buried deep in the soil in Central Europe are 
found to vary very little indeed during the different seasons. 
At about 20 or 30 feet from the surface they are not deep 
enough to be influenced by what is called the " internal heat 
of the earth," which you experience when you go down into a 
deep coal-pit, for instance, or which ehows itself in the hot 
water from very deep springs ; and at that depth they are 
covered with a layer of earth which is a sufficiently bad con- 
ductor to prevent their being much influenced by season 
changes; they therefore take the permanent temperature of 
the crust of the earth, and that permanent temperature in 
Central Europe is found to be about 51, 52, or 53 degrees. Now 
I found that there was a cave in a little island which we visited 
between Sicily and the coast of Africa, which has the reputation 
of being " icy cold." I was very anxious to visit it, hut circum- 
stances did not allow of our doing so ; however, I had afterwards 
the opportunity of learning that the temperature of this cave is 
54" through the whole year. Then a Maltese gentleman, the 
collector of customs at \'aletta, a very inteihgent and well- 
informed man, told me that it is the practice among the natives 
to let down their wine to cool it in the deep tanks which they 
have excavated in the rock. I asked him if he happened to 
know the temperature in these deep tanks, and he said, " Yes, 
it is 54 degrees," So you see we have several pieces of confirm- 
atory evidence, showing us that the bottom-water of the Medi- 
terranean takes exactly the temperature of the crust of the earth 
on which it rests. 

It then, it were not for the vertical eiroidation of the water 
oar great Oceanic basins, the tempeiatme ot ttie \«iW/i'm 
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uf tlie Atlantic would be 55% like that of the MeditemiiMB 
within the Strait of Gibraltar. But see what we get a liItU 
outside that liasin. Near tie coast of Spain, only 100 or 200 
miles from Gibraltar, we found the temperature 49° at 800 
fathoms, and we got down to 39° at 1,100 fathoms. Now (liii 
shows perfectly clearly that sueli a low temperature could only 
be sustained by a constant flow of water from the Polar basin 
towards this southern region. Then, as I have shown you, that 
outjiow could not continue without an inflow into the Polar 
baiiiQ. And that brings me to show you what is the force that 
maintains this circulation. It is produced by the continual 
cooling of the water which flows into the Polar area ; for il 
becomes heavier and falls to the bottom, displacing the water 
previously there, pushing it away as it were. Thus, there is 
a constant sinking of water in the Polar area exposed to a much 
colder atmosphere ; for every fresh layer of water that cumes 
iu from the warmer sea around is cooled in its turn ; il then 
sinks and goes down, dowuj down ; and this colder and denser 
water creeps gradually along the deepest part* of the great At- 
lantic iHLsin, and now and then, by some peculiar conformation 
of the bottom, it will come nearer to the surface, as it does in 
this Lightning Channel. If we are ever able to trace the 
Lightning Channel further north, it will be a moat interesting 
point to determine what it is that sends up the cold wat*f 
so much nearer the suiface there than it has been fuimd any- 
where else in the same latitude. But we have a parallel fact 
in the case of Gibraltar, where I have lately been able to prove 
very distinctly that the water from the deeper portion of the 
Mediterranean basin is passing as an under-current outwards 
through the shallowest part of the Strait, beneath the surface- 
current that is continxially flowing inwards from the Atlantic 
Thus, then, you see what is the moving force. It is this con- 
stant reduction of temperature, which increases the density of 
the water and disturbs the equilibrium too. Suppose we had a 
Polar coluinu of water of a certain height at this end of the 
room, and an Equatorial column at the other end. As this 
I'olar column is cooled down, it contracts and becomes denser ; 
thus its level is lowered, and the water will flow towards its 
surface to bring up that level. When this column of dense 
Polar water has on the top of it the additional water which has 
flowed in to maintain the level of that column, it becomes con- 
siderahly heavier than the corresponding Equatorial column at 
the other end. ^"hat is the consequence ? Why, that a portion 
of the lower part of it must flow away. Thus there will be a 
tendency to a renewed lowering of the level, which must draw 
in water from the Equatorial region ; and there will always 
be, as that water flows in and is cooled down, a tendency to 
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I maintenaDce of a greater weight or downward pressure 
ttw ater in tbe Polar area ; so by these two influences — the 
lowering of the level, and the increase of the density of the 
column — we have this constant disturbance of level and dis- 
turbance of equilibrium, producing an inflow from the Equa- 
torial towards the Polar regions OB the surface, and an outflow 
from the Polar towards the Equatorial area at the bottom. 

This is the doctrine of the General Oceanic Circulation to 
which I have been led. I say " I," because it has happened that 
I have been the member of the Expedition to whose share thia 
part of the inquiry fell, and I have applied myself to all the 
points Ijearing upon it, 1 have taken the opinion of some of 
the moat eminent Mathematicians and PhysicistB of this coun- 
try, witli regard to the validity of the principles I have ad- 
vanced ", and I am glad to say that I do not bring them forward 
merely on my own authority, but am assured that this doc- 
trine will stand the test of very rigid inquiry. A short time 
before the death of Sir John Herschel, I had the satisfaction 
of receiving a letter from him, fully accepting the doctrine I 
have propounded ; and his acceptance is the more signiflcant, 
since he had previously repudiated the doctrine of Captain 
Maiiry, that an Oceanic Circulation (of which he regarded the 
Gulf Stream as a part) is maintained by the expansion pro- 
duced by Equatorial heat. 

" Airsuredly," wrote Sir John Herschel, " after well consider- 
ing all you say, as well as the common sense of the matter, and 
the experience of our hot water circulation-pipes in our green- 
houses, &c., there is no refusing to admit that an Oceanic cir- 
culation of some sort must arise from mere Heat, Cold, and 
Evaporation, as vera! cauaco; and ynu have brought forward 
with singular emphasis the more powerful action of the Polar 
Cold, or rather the more intenee action, as its maximum effect 
is limited to a much smaller area than that of the maximum of 
Equatorial Heat. The action of the Trade and Counter-trade 
Winds in like manner cannot be ignored ; and henceforward 
the question of Ocean-currents will have to be considered under 
a twofold point of view " — namely, as he goes on to explain, the 
horizontal circulation produced by the action of Wind on the 
surface, and the vertical circulation dependent on opposition of 
Temperature. 

At. a meeting of the Royal Geographical Society I was 
enabled, by the kindness of Dr. Odling, to exhibit an illustrative 
experiment, which was considered extremely satisfactory ; and 
I think I can explain it to you in such a manner that you will 
easily understand its value. We had a trough, with plate-glass 
aides, about six feet long and a foot deep, and the sides not 
more than one inch from each other. At one end of UuaUow^ 
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a piece of ice was wedjjed in between the two aides ; that re- 
presenhd the Polar area. At the other end we applied heat at 
the surface, not at the boltom — to imitate the exact conditions 
of the case — the heat being applied by a bar of metal which 
was laid on the surface of the water, and then carried over the 
end of the trough and heated by a spirit lamp ; that represented 
the Equatorial area. Then we put in some colouring matter, 
red at the warm end, and blue at the cold end. What hap- 
pened ? The water tinged with blue put in at the surlace of 
the Polar area, being chilled by contact with the ice, immedi- 
ately fell down to the bottom ; it then crept slowly along the 
bottom of the trough, and at the Equatorial end it gradually rose 
towards the sur&ce ; and, having done so, it gradually returned 
along the surface to the point from which it started. The red 
followed the same course as the blue, but started from a dif- 
ferent point. It crept along the sur&ce from the Equatorial to 
the Polar end, and there fell to the bottom, just aa the blue had 
done, and formed another stratum, creeping along the bottom 
and coming again to the surface. Each colour made a distinct 
circulation dming the half hour in which the audience had this 
experiment in view. — Now that was a very beautiful experiment ; 
and I can myself see no flaw in the application of the argu- 
ment, that what is true on a small scale in this trough is true 
of a maaa of water extending from the Equatorial to the Polar 
area. 

Lastly, let ua return for a moment to the subject of Deep-sea 
Climates. Vou see that this vet-tical circidation is a great Cos- 
mical matter — not a mere local phenomenon, and not confined 
to the present time as the Gulf Stream is. It is a phenomenon 
which must have bad its place in all Geological history. The 
Gulf Stream, and the superficial Arctic current which brings ita 
water back again, constitute a hmizontal circulation, the con- 
tinuance of which depends on the interruption of the Equa- 
torial Current by the coast-line of Central America. But 
wherever there were deep seas, and the Polar water and Equa- 
torial areas were in communication, there must have always 
been this vertical circidation. 

One very curious consequence of this vertical circulation, 
which I believe to be very important in relation to the Life of 
the ocean, is this — that by its means, if this doctrine be true, 
every drop of water in the ocean will, in its turn, be brought 
from the bottom and exposed to the surface. Now, in the 
Mediterranean there is no such circulation ; and we found in the 
great depths of the Mediterranean an extraordinary paucity of 
animal life, instead of finding the abundance which we en- 
countered in the great depths of the Atlantic- I will not say that 
this is the sole cause of the difference, but it has a good deal to 
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do with it. These depths are stagnant ; there is nothing to 
change them ; for they are completely cut oflF from the depths 
of the Atlantic ; and the only vertical circulation to which they 
are subject consists in the descent of water which has been con- 
centrated by evaporation on the surface, and which, becoming 
heavier by concentration, will go down, but will soon diffuse its 
excess of salt, so as not to reach any great depth. Thus it is 
obvious that the condition of any " self-contained " basin, like 
the Mediterranean, must be extremely different Biologically, and 
therefore G-eologically, from that of an Oceanic basin forming 
part of the great Water-system of the globe. 
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AVERV rcmarkaUe degree of success rewarded those who 
undertook the long journey to the Indian PeniDsula for 
the purpose of otservlng the eclipse of December 12. The hut 
of a seiies of important solar eclipses— for two years must now 
elapse before eclipse expeditions are again thought of— the recent 
eclipse did not promise to add much to our knowledge of solar 
physics. The totality did not last nearly so long as in the 
great Indian eclipse of August 1868 ; the track of the moon's 
tihadow was less favourably situated ; and there were reasons for 
fearing that monsoon weather would wholly mar the prospects 
of the observers at not a few of the stations which it seemed 
deaiiable to occupy. As it chanced, however, favourable weather 
prevailed at all the stations in India and Ceylon, save one only, 
and the only resilly unfortunate event in the whole history of 
the eclipse wa« the complete failure of tlie Australian observing 
partieB, stationed on the shores of the Q\i\{ of Carpentaria. 

In summing up tlie results obtained diu-ing the late eclipse, 
it seems desirable — as well to save space as to ^ivo prominence 
to the more important achievemenis — to discuss only those 
observations which either confirm disputed results or appear to 
establish new ones. The arrangement, therefore, which I shall 
adopt, will have reference neither to the various parties into 
which the several expeditions were distributed, nor to the com- 
plete work of particidar observers, nor to the classifications of 
results as obtained byspectro8copy,polariscopy, or photography* 
hut solely to the solar features which have been revealed or 
rendered more clearly discernible by the work accomplished 
last December. 

Beginning with the immediate neighbourhood of the phot^i- 
aphere, we find that the existence of the complex and relatively 
shallow atmosphere, whose existence was suspected by Secchi, 
hut first actually demonstrated by Professor Young of America, 
b.i8 been confirmed by several of the observers of the late eclipse. 
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It may perhaps appear stratige to speak of the confirmation of 
an already demonstrated circumstance, but the present is not 
the only occasion in the recent history of eclipaea, when ob- 
eervera have been invited to demon strate the demonstrated. We 
■may now assume that the important discovery in question will be 
admitted by all. Let us consider its nature. Father Secchi 
had suspected, from the circiunatance that the spectnim of the 
extreme edjfe of the solar disc is continuous, that the atmospheric 
layer whose absorption causes the dark lines of the solar spectrum, 
must lie immediately above the photosphere, and be of relatively 
limited extent. Thus, in full daylight, the detection of tliis 
atmosphere by the bright lines which muet in reality constitute 
its spectrum, is rendered almost impracticable * by the ex- 
tremely minute angle subtended by the apparent breadth of the 
ring it must really present. In total eclipses, however, this 
difficulty is momentarily removed when the moon just conceals 
the sun's disc, or at the moments of second and third contact. 
The edge of the moon, at the place of contact, acta for the 
moment the part of an analysing instrument, revealing the 
shallow atmosphere but. hiding the photosphere. Taking ad- 
vantage of this circumstance, Professor Young, in December 
1870, was able to see the beautiful bright line spectrum of the 
complex atmosphere, hundreds of bright lines replacing the 
Bolar dark lines so soon as the continuous background of the 
Bpectrum had disappeared. . 

One of the first telegrams received from the observers of the 
recent eclipse announced the confirmation of Professor Young's 
observations by Colonel Tennant. Captain Slaclear, who was 
at Bekul, succeeded also in seeing the bright line spectrum. 
Profeflsor Respighi (who adopted a novel method of observing) 
foiled at the second contact, and was but partially successful at 
the third, being in doubt whether what he saw was a spectrum 
of bright lines, or simply a discontinuous spectrum ; but we 
shall presently see that his method of observing, though ad- 
mirably suited for the chief piu-poses he had in view, was not 
well adapted for the recognition of this particidar phenomenon. 
Mr. Mosely at Trincomalee, and Mr. Lockyer at Bekul, did not 
recognise the bright line spectrum — a circumstance not very 
surprising, since the appearance of the lines is little more than 
momentary. It need hardly be said that the positive results 
obtained by other observers can by no means be called in ques- 
tion because in all cases the bright lines were not caught 
sight of. 

It was not expected that any fresh information would be 

* Poamblj quite impracticBble ; but the question is one depending on the 
telescopic upertoie and definmg power. 
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obtained during the recent eclipse respecting the pi^nin^^H 
and derm; for the study of these objecta proceeds unde^^P 
more fiivourable conditiona when the sun ie not eclipsed. Yet 
the method of observation employed by Professor Kespighi 
enabled that careful observer to enunciate some interesting 
facts liearing on the condititin of the coloured appendages. His 
method was specially intended to reveal the true extent of the 
self-luminous gaseous atmosphere or atmospheres surrounding 
the sun. He thus describes it : 'It appeared to me that the 
form and dimensions of the corona might be very conveniently 
studied by means of a large prism fixed in front of the object- 
glass of the telescope, whereby the several chromatic images of 
the corona would be distinctly formed in the focal plane. If 
the priam has but little dispersive power, and the eye-piece does 
not magnify too much, all tUe chromatic images of the corona 
may in this manner be observed simultaneously in the same 
field, and their form and dimensions directly investigated." 
The essential point in which this method (originally employed 
by Fraiinhofer) differs from the ordinary method of studying 
celestial objecta with the telespectroacope, consists in this, that 
in the ordinary method we examine prismatically the image or 
part of the image formed by the telescope, whereas in Respighi^a 
method the prismatic images of the object are esamined through 
the telescope. The prism used by Respighi was made by Merz 
of Monaco in 1868. "My conviction," says Respighi, "of the 
great advantages which would be afforded by this instrument 
in the observation of the eclipse, induced me to carry it to 
India for that purpose," and he adds that he was glad to bear 
that Mr. Lockyer " had in like manner resolved to observe tb© 
corona by means of a spectroscope without a slit, being per- 
suaded that this would be the most convenient method of 
solving the questions related to the corona itself." Mr. Lockyer 
used the ordinary form of telespectroscope, only that a simple 
train of prisms without any slit was employed, according to a 
suggestion made early in 1&71 by Professor Young of America. 
It will be obvious that so long as the visible solar crescent 
was considerable, the aolar spectrum seen by Respighi would be 

* By soma miBtake it was statad in an interesling and ably written 
account of Che eclipse in the " Dailj News," thnt Professor Reapighi adopted 
hU metliod aa the result of a consulta^oD with Mr. Lockyer. It will be seen 
from Frofossoi Respigbi'a account that this wu not the case. It may be 
added that in the same Recount the open-slit method of studying tbe 
prominances is called bj mii^take the Jang^en-Locliyor metliod. Hugghis 
and Ziillni?! iudependentl; devie»d the method, which was first succeeaftillj 
applied by Dr. Hug^pne. (See Schellen's " Spectrum Analysis," Englisb 
edition, p. 425.) 
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J (which, after all, demonstrates as eETectuall; the exie^ 
of the exterior absorptive atmosphere aa though the 

lines had been aeen). At the end of totality, just as the 
limb appeared, a stratum of bright lines was seen pro- 

upon the solar spectrum ; but Respighi ' could not 
line whether they were due to a general or partial reversal 
spectral solar lines, or to a simple discontinuity in the 
jtD, since they were too soon immersed in a flood of light 
put an end to the totality.' 

the very instant of totality,' says Professor Respighi, 
.eld of the telescope exhibited a most astonishing spectacle. 
liFom(at)osphere at the edge which was the last to be 
id — surmounted for a space of about 50° by two groups 
•minences, one on the right the other on the left, of the 
of contact, waa reproduced in the four spectral lines," 
F, and G, with extraordinary intensity of light and the 
.urprising contrast of the brightest colours, so that the 
spectral images could be directly compared and their 
est differences easily made out. Jn conseq^ience of the 
nation of the object^lass, all these images were well 
J, and projected in certain coloured zones, with the tints 
; chromatic images of the corona. My attention was 
T directed to the comparison of the forms of the pro- 
ces on the four spectral lines, and I was able to determine 
:he fundamental form, the skeleton or trunk, and the 
pal branches, were iaithfully reproduced or indicated in 
nages, their extent being, however, greatest in the red, 
xninishing successively in the other colours down to the 
■, on which the trunk only was reproduced. In none of 

ttminpni'j-a thna rnmiinroH vans T nhip tn Hi'nf in(rni<th. in the 
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which seemed to him ill-defined and imperfect, is the very 
image which Fr. Secchi finds most perfect when the open-slit 
method ia employed on the uneclipsed sun. Nor is it difficult 
to understand why the indigo image should have appeared less 
perfect during Kespighi's eclipse observations than during 
Secchi's researches in full daylight. For Respighi bad the fall 
light of the red and yellow images, as well as that of the less 
brilliant blue-green image, shining in the same field as the 
faint light of the indigo image, and therefore rendering bis eye 
insensible to the feebler parts of thia image. But when the 
open-alit method is employed in fidl daylight, the indigo image 
is observed under circumstances even more favourable than in 
the case of the red and orange-yellow images. For the part of 
the atmospheric spectrum which then forms the background of 
the indigo image is the indigo part of that spectrum ; do red, 
yellow, or green light is admitted at all into the field of 
view. 

It is more important to notice the effect of glare or strong 
light in the field of view than might at first sight appear. For 
though no very great importance can be attached to what 
Respighi noticed respecting the prominences (save as illustrating 
his method of obser\'ation), yet we learn, from comparing what 
he saw with what is known about the prominences, to estimate 
the eflfect of light io obliterating the fainter portions of circum- 
Bolar appendages, and this is a matter of paramount importance 
in its relation to Respighi's observations of the corona. 

Before passing to the corona, however, it will be well to 
notice that Mr. Lockyer also saw the prominences and chroma- 
tosphere separated into four coloured images. But the four 
colours mentioned by Mr. Lockyer were not the same as those 
mentioned by Respighi, and there seems reason for believing that 
the indigo image lay outside the fieldof Mr. Lockyer's iostrument, 
or else was too faint for recognition, while the extra image seen 
by Mr. Lockyer was not an image of the chromatospbere at all, 
but of the brighter part of tlie imier corona. The accoimt first 
announcing Mr. Lockyer's observations ran thus, *' Four circles, 
1474 same size and faint," and subsequent esplauation revealed 
that he had se-en four images of the chroraatogphere, one red, 
one yellow, one yellow-green and faint, corresponding to Kirch- 
hoflTs 1474, and the fourth blue-green. The faint ima^ did 
not appear to him to extend more than two minutes from the 
moon's limb. 

Respighi was favoured with better success, however. " The 
coloured zones of the corona became continually more strongly 
marked," he says, " one in the red correspondii^ with the line 
C; another in the green, probably coinciding with the line 1474 
of Kircbhoff's scale ; and the third in the blue, perhaps ooin- 
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ciding wirL F. The green zone was the brighteat, the moat 
uniform, and the beat defined. The red zone was also very 
distinct and well defined, while tLe blue zone waa faint and 
indistinct. The green zone was well defined at the summit, 
though less bright than at the base; its form was sensibly 
circular, and its beight about 6' or 7', The red zone exhibited 
the same form and, approximately, the same height as the 
green, but its height was weaker and less imiform. . . . These 
coloured zones shone out upon a faintly illuminated groimd 
without any marked trace of colour. If the corona contained 
rays of any other kind, their intensity must have been so feeble 
that they were merged in the general illumination of the field. 
.... The green and red zones were well developed at the 
western as well as at the eastern limb, while the blue remained 
faint and ill defined." 

From the evidence it appears clear that, as had been sur- 
mised by Young, the gaseous atmosphere containing the 1474- 
matter extends to a height of more than two hundred thouBand 
miles from the photosphere ; but hydrc^en also is preeent in 
Uiis deep atmosphere. The well-defined outer limit of the green 
image would seem to show that Respighi had recognised the 
real extension of the atmosphere. Yet it must be admitted 
that some doubts rest on this concliision. For the recognition 
of a well-defined boundary might have been held to be a 
reason for regarding the apparent limits of the cbromatosphere 
as the real limit of the solar atmosphere ; whereas we now see 
tliat the atmosphere is very far deeper than the sierra. May it 
not well be that, as the observed extension of the sierra indi- 
cates, not the extension of the hydrogen atmosphere, but that 
of the D'-matter, so the observed extension of the green zone 
indicates, not the extension of the 1474-matter, but of the 
hydrogen atmosphere ? There is a sudden degradation in the 
brightness of the hydrogen images of the sierra where the D*- 
matter is limited ; and in like maimer there may be a sudden 
degradation of the 1474 image of the corona where the hydrogen 
is limited. 

Whatever opinion we form on this point, no doubt can exist 
that circtmiBolar matter of some sort extends to distances much 
greater than the 6 or 7 minutes mentioned by Respighi. 

The naked eye and low power telescopic views of the corona 
were in some instances obtained under conditions unusually 
favourable. At Bekid Captain ilaclear eoidd trace the corona 
to a distance of upwards of 45 minutes from the moon's limb. 
In the finder the corona had a much smaller extension ; in a 
laxge telescope six inches in aperture, he could see nothing but 
a bright light round the moon, not much higher than the 
laj^est of the prominences visible at the moment. Notlivo^ 
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couJd more forcibly indicate the extreme faintDees of the 
out«r coronal light. Captain Maxdear describes the eorona as 
six-pointed. Mr, Lockjer at the same station gives the follow- 
ing account : — " There, in the leaden-coloured, utterly clondlesx 
sky, shone out the eclipsed sun ! a worthy sight for gods and 
men. There, rigid in tlje heavens, was what struck everybody as 
a decoration, one that emperors might tight for, a thousand 
times more beautiful than the Star of India (even where we 
now are), a picture of surpassing loveliness, and giving one 
the idea of serenity among all the activity that was going on 
below, shining with a sheen as of silver essence (sic), built up of 
rays almost symmetrically arranged round a bright ring, above 
and below, with a marked ahsenee of them right and left, the 
rays being composed of dark radial lines separated by ftuTOWn 
of markedly leas brilliancy." |Further on he describes the 
structure of the corona as " resembling Orion," though howtfaat 
statement is to be understood is not altogether clear : possibly 
it means that the corona occupied a space on the heavens re- 
sembling in shape that occupied by the constellation Orion 1 

Mr. Holiday, the artist, " sketched the corona with his right 
eye while the left was at the telescope." He removed the dark 
glass when Baily's beads appeared, but the glare was too strong, 
and he at once replaced it- In this momentary glance then 
obtained, he had a view of the raya commonly seen before 
totality, which he imagined to be " the two great lines marking 
the limit of the advancing shadow," " After a few seconds the 
glass was removed, and there, in all its glorious beauty, waa a 
grand corona of the most fantastic type, not unlike the one given 
by Liais. To outline this carefully was the work of a few 
seconds." " Curiously enough," proceeds the account (though 
we should have thought " naturally enough " the more correct 
reading), there are points of diSerence and points of agree- 
ment between this dj'awing and the photographs, which will 
doubtless, when the time comes, undergo the most searching 
examination. After the middle of the eclipse another drawing 
was made, showing that the corona had become much more 
diffuse" (or rather could be traced much ferther) "than at 
its first appearance, and it maintained the same form nearly 
till the reappearance of the eun." 

The photographic results are among the most important suc- 
ceasefl achieved during the recent eclipBc It will be evident, 
however, that, imtil the pictures are published, it is not possible 
to give any sufficient idea of the inferences likely to be deduced 
from them. At present it must suffice for us to mention the 
following particulars. At Bekul Mr, Davis took five excellent 
photographs ; Colonel Tennant's party took three ; Mr. Pogson's, 
at Avenashi, took three ; while lastly tlie photographers at 



t abeolut^ly requires, for it ia not incompatible with re- i 
able variatioQB. However, Dot even euch difficulties, or 
It none worth noticing, present themselves. We have in 
fi views the eame extensive corona, with persistent rifts, 
jly situated. 

. ua now turn, however, to the results which must be re- 
d as the great success of the eclipse observations, unless 
Thi'e obsen-ations be thought to have a rival claim. 
seen, who had been sent out to observ-e the eclipse at 
preferred, after careful enquiry, to take up his station on 
eilgherry Blountivins, at Sholoor, on the nortb-eastem flank 

range. To this elevated station (the highest we believe 
ich the corona has ever been observed teleacopically) 
in carried a fine telescope 14 inches in aperture and only 
(t in focal length, showing images twelve or sixteen times 
ler than in an ordinary astronomical telescope. The 
xMcope, also, was so constructed as to utilise all this light. 
U be understood, therefore, that Janssen observed the 
a, under exceptionally fevourable conditions, more parti- 
j as he was favoured with a aky of almost absolute purity. 
i first as to the direct observation of the corona. Janssen 
.We to recognise those peculiar forms which, as drawn by 
. had BO long been regarded with doubt, if not with 
lie. " Nothing could be more beautiful, more luminous," 
lys, "with £peciai forms excluding all possibility of a 
trial atmospheric origin." " Without entering upon a 
saion which will form part of my report, I shall say at 
that the magnificent corona observed at Sholoor showed 

under such an aspect as to render it impoasible for me to 
t in (•Tulnnnlinn pitJipr (lip nbprinmpnn of fliffrantion. or 



the bright lines (though miicli enfeeble-i) of hydrogen gu, 
which forms the principal elembnt of the prominencea aod 
sierra ; the bright green line which has already been DOt^ 
during the eclipses of 1869 and 1870, as well as some other 
fainter lines ; and the dark lines of the ordinary solar spectrum, 
notably that of sodium. These dark lines are much more 
difficult to perceive. These facts prove the existence of matter 
in the sun's neighbourhood — matter revealing itself in total 
eclipses by phenomena of enaiasiou, absorption, and polariBation. 
But the discussion of the facts leads us yet further. Besides 
the coamical matter independent of the sun, which must exist 
in the ueighbourhood of that orb, tlie ohser\'ations demonstrate 
the existence of an atmosphere of excessive rarity, mainly 
composed of hydrogen, extending far beyond the cbromatJ- 
sphere and protuberances, and fed from the very matter of 
these — matter erupted with great violence, as we perceive, 
every day. The rarity of this atmosphere, at a certain distance 
from the chromatosphere, must be excessive ; so that its existence 
is not in disagreement with the obaen'ations of the passage af 
certain comets close to the sim." In a letter to Professor De 
La Rive,* Janssen proposes to call Ihe atmosphere which he 
and Reapigbi have thus independently recognised the coronal J 
atmosphere, a title which indicates that it is this atmospben 
which produces the chief part of those luminous phenomena 
which have been designated hitlierto by the name of the Bolar 
corona. " In announcing this result," be adds, '■^I do not /or 
my own part forget all we owe to those labours which now 
prepared the way fw i(, notahly those of the American astro-. 
jiomers during the eclipses of 1869 and 1870" — a worthy 
declaration, and likely to remove in a great degree the im- 
presaiou produced by the somewhat too persistent doubts which 
had been suffered to rest on the accuracy of the results obtained 
by the American observers. 

In the above summary of Janssen's obaervatinus, the chief 
place must be assigned, I conceive, to his recognition of the 
existence of dark lines in the spectrum of the corona. The fact 
that faint bright lines were perceived other than those belonging 
to hydrogen and the 147-i-matter, is interesting and significant, 
while the recognition of the hydrogen lines is an important 
result, the credit of which, however, M. Janssen must share 
with Reapigbi ; t but the recognition of the dark linea wsa ft 

• " Biblioth&que Universelle," Jaauary 15, 1ST2, p. 103, 

t Perhaps also with Mr. Lockyer j but on this poiut, until a mote exact 

account of hia obaerradons has been rendered, I nm uacertaii). Mr, Lockjnr 

bas not definitely Btnted the height &t which he recojniiaed the liydpigvll 

lines ; nnd his own statement that he had itidependenlly ptored the exiiteooa 
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work of far greater diflSciilty, and immensely more important- 
More important, because no one could gravely question the fact 
that the prominences exist within an atmosphere, while the 
inference that that atmosphere was mainly hydrogenous seemed 
altogether probable, whereas the ejcistence of the dark lines in 
the continuous spectrum of the prom inences throws an altogether 
new light on a theory which had long been disputed. 

Whence do these dark lines come ? They cannot belong to 
the inherent light of the corona, nor can they be due to 
absorptive action exerted by the outer parts of the corona on 
the white light producing the continuous backgruimd of the 
spectrum. Those dark lines which would be the most marked 
in this latter case, are precisely the lines which appear bright 
in the coronal spectrum — the lines of hydrogen. Sloreover, it 
is incredible that the cool vapour of sodium exists In quantities 
adequate to account for the presence of the sodium double D 
line ; eo that even though no other dark lines were discernible, 
il would be certain that we have not a phenomenon of coronal 
absorption to deal with. No other theory remains, then, than 
this — that the portion of the coronal light which supplies the^ 
^Qt continuous spectrum crossed by dark lines is reflected 
auslight. But how reflected? Not by matter in the earth's 
atmosphere, or between the moon and earth, for that is physi- 
cally impossible, apart from the independent evidence just 
obtained against the glare theories. Not by gaseous matter 
near the sun, for Professor Tyndall has proved that matter in 
the gaseous state is incapable of reflecting any light whatever. 
How, then, can this light be reflected, save from that cosmical 
matter independent of the sun, to which Janssen refers, and 
which, as he truly remarks, viuet exist in his neighbourhood ? 
It seems to me that this discovery of Janssen's of itself suffices 
to demonstrate the meteoric theory of the origin of at least a 
considerable portion of the coronal light. I have always re- 
garded this theory as irresistibly strong, altogether apart from 
apectroscopic evidence — as strong enough in any case to resist 
the n^ative evidence based on the failure of spectroscopiats to 
recognise the solar dark lines in the coronal spectrum. Now 
that the dark lines have been seen, the basis of the meteoric 
theory, already strong, has acquired double width and finnness. 

of hjdrogen above " even the promiDences " by Profeasor YQuiig''9 method 
(thai ie, by the use of a aimple trftin of prisms), is in direct contradictioo to 
Ina own account of liis absarvatiotu by tbis method, in which he distinctly 
anttioiis two minutes as the apparent extension of the four circular images. 
Bj tlie old method — which, however, Mr. Lockyer himself denouncad lut 
fMT u untrustworthy— he obtained the hydiogon lines at a g'reater height 
fton the mm than this. 
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Ab to the distance to whicb this meteoric corona, so to call 
it, extendB, we need entertain no doubt that in reality it is 
coextensive with the solar system itself. The zodiacal light 
probably indicates its more condensed portion ; but, inasmuch as 
our earth encounters meteors which come from beyond the 
orbits of Uranus and Neptune, we can entertain no question 
that the real limits of the meteoric matter lie far outside the 
apparent extension of t!ie zodiacal light. How far the existence 
of light- re fleeting matter can be recognised during eclipse is a 
totally different question. Nor is it one to which any definite 
reply can be given — for the apparent extension of the corona 
depends upon the condition of our atmosphere, the height of 
the station, the visual powers of the observer, and other 
circumstances of the sort. It may Iw mentioned, however, that 
during the late eclipse Captain Tupman recognised radial 
polarisation in the coronal light at a distance of &om forty to 
fifty minutes from the moon's limb, showing that there was 
light-reflecting matter at a distance of more than a million 
miles from the sun's surfece. 

1 cannot better close this paper than by quoting the words 
with which Jansaen concluded his first letter to the President of 
the Paris Academy of Sciences : " The questiou whether the 
corona is due to the terrestrial atmosphere ia disposed of 
{tranohie), and we have before ua the prospect of the study of 
the extra-solar regions, which will be very interesting and 
fruitful." A pity only that this study slioiJd have been put 
back for two years througb the enunciation of an erroneous 
theory, and that now, when the real significance of the corona 
has at last been recognised by all, there should l>e no prospect 
of effective eclipse obaen'attons for years to come. 
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IT is not a little remarkable that the compounds of nitro- 
glycerine — a subBtance so mercilessly decried in this 
oomitiy for years past — should now have come to the front aa 
the safest as well as the most powerful of explosives. Nitro- 
glycerine, or nitrate of glycerine, was discovered in the year 1 847 
by the Italian chemist Sombrero. It is a pale yellow oily 
fluid, of 1*6 specific gravity, which commencea to stiffen and 
solidify when the temperature falls below 8° Centigrade, 
or 47° of Fahrenheit. It is insoluble in water, but can be 
mixed with methylated spirit, benzole, nitro-benzole, or a mix- 
ture of alcohol and ether. Against the use of pure nitro- 
glycerine a strong prejudice still esists in consequence partly 
of the poisonous nature of the substance, but mainly on account 
of its violent and sensitive nature and the many accidents 
which happened in its earlier applications. The bad character 
given t« it by the Newcastle and Caemar\'on explosions, how- 
ever undeserved it may have been (for the treatment it was 
subjected to was such as gunpowder itself might have rebelled 
agaioat), has imdoubtedly retarded not only its own progress, 
but that of all blasting substances into which it entered 
SB a base. Nobel, the Swedish chemist, was the first to tame 
its riolence and to put it imder complete control, so far aa 
ofety was concerned, by mixiiig it with the fine infusorial 
e&rtb BO well known to microscopists, and thua forming a 
umple mechanically plastic substance, handier as well as safer 
for use for mining and quarrying purposes. This substance, 
consiitiDg of 75 per cent, of nitro-glycerine and 25 per cent, of 
siliceous meal, was proved both as to safety and power by 
numerous roost important and convincing experiments, and has 
attained to a large sale for blasting operations under the name 
of dynamite. Thus compotmded, the plastic mass is of a 
tawny reddish hue, of a consistency apprcaching that of putty. 
Set fire to in the open air, dynamite merely deflagrates ; it will 
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even bum when enclosed in ordiuarj hoses, producing only 
glightlj noxious gasea and very little or no smoke. It ex- 
plodes only in completely closed spaces, and with difficulty 
by means of sparks. It may be, when thus confined, exploded 
by glowing hot metala, bybuUet* fired into it, and otherwise by 
deliberate artificial ignition. The disadvantage urged against 
it in its practical application is that when the temperature 
falls below 6° Centigrade, it hardens, and (hat then, pai-- 
ticularly when loose cartridges or a aeries of cartridges are 
employed, the whole of the charge is not exploded, but a 
portion remains altogether undamaged, or ia blown out un- 
exploded. The cause of this stiffisning ia of course due to the 
natural crystallisation of the nitroglycerine, 

Lithofracteur, the invention of Professor Engels, is an im- 
provement upon dynamite, and derives its advantages from the 
diminution of the proportion of siliceous meal as well as of 
the nitro-glycerine, the balance being made good by other 
ingredients of an explosive nature, the details of which con- 
stitute the secret of its manufacttire, for neither abroad nor In 
this country has it yet been patented, Messrs. Kreba, of Cologne, 
the manufacturers, preferring reticence in this respect to the 
publicity which patents would necessarily give. It had acquired 
some time ago considerable reputation in Pruasia, but became 
known in England through the military operations in which it 
was employed during the late Franco-Prussian war. It also ia 
produced in a plastic stat«, being black in colour and doughy 
in conaistency. When lit by a mat«h or a cigar, like dynamite, 
it merely bums ; but it is almost insensible to blows or 
pressure, and can only be exploded by a strong priming cap or 
detonator composed of the strongest fulminate. Attempts to 
explode it by charges of gunpowder have failed. How littlo 
sensitive it is to ^'iolent shoclH has been shown by throwing it 
over cliffs of 150 ft. or 200 ft. in height ; as also by 6ring shells 
fitted with it from cannon, which exploded only when they 
reached some hard object of stone or iron. Neither in com- 
bustion nor explosion does it generate smoke like gunpowder ; 
but the gases formed are trauaparent, and only detectable by 
the smell. They are not pleasant to inhale largely, as head~ 
ache would follow ; but as diluted in the open air they cannot 
be regarded as poisonous, although it will be better to avoid 
being too much enveloped in them. 

The advantages of lithofracteur over the old blasting gun- 
powder are very remarkable, and although the latter for certain 
work will still maintain its ground, the former will have pre- 
dominance in a majority of operations. Besides its more 
energetic action and the important savings of time, laboar, 
and tools which is effected by its use, its advantages are especially 
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italile in its application in wet rocks and under water, as well 
as in the far less amount of danger incurred in transport from 
place to place, and in charging the blasting-holes. Litho 
fracteur possesses this advantage amongst others over dynamite, 
that it can be exploded at a lower temperature, and it is stated 
that it can be fired by an energetic detonator even at the 
temperature of — 12°-5 Centigrade, whilst dynamite ceases to 
explode at + 5° to 6° Centigrade. 

For mining purposes the great desideratum is the quantity 
and nature of the work done by the explosive, for the main 
expense in such work is the cost of boring holes for the charges. 
If, then, these can be diminished in number as well as in 
dimensions by the greater power of the blasting material, the 
saving in the quarrying or mining operation becomes far more 
important than the difference in cost between the cheaper and 
less effective blasting powder and the nitro-glycerine com- 
pounds, although that difference in price may be considerable 
pound for pound. One may generally assume, according to the 
statistics so far attainable, that 1 lb. of lithofracteur acts as 
powerfullyaBfrom61bs. to7 lbs. of blasting powder; but no exact 
comparisons ha\'e yet been made, and indeed no means have 
been as yet found for absolute accuracy in such determinations. 
The difference in the price of the powder is also more than 
equalled in the saving of human labour in drilling the holes ; 
and it is generally assumed that this gain alone deducts a third 
from the expense which the manual labour required for blasting 
powder entails. For the economical working with lithofracteur 
or dynamite, the boles should be neither too wide nor too 
deep ; in moat cases it is not required to exceed from 36 in. 
to 40 in. in depth, while for breadth IJ in. at most is suffi- 
cient. The harder and stronger the rock the wider must the 
hole be. One of the great values of lithofracteur is its power 
of blasting into perfectly flat faces, vertical or horizontal. 
This was admirably illustrated in the first experiments made 
in this country at the quarries of Mr. France, at Nantmaur 
and the Breidden, in May last year. One instance of absolutely 
horizontal boring into the fair face of the dense limestone 
quarry cliff at the former place, and one example of perfectly 
vertical boring into a floor of a tough homogeneous greenstone 
rock at the latter, jutting out at right angles from the towering 
cliff face of the latter noble hill 1,200 ft. and over in unbroken 
height, will suffice to show the really useful as well as powerful 
energy which this explosive is able to exert in the commercial 
work of quarrying. In the experiment at Nantmaur, three holes 
were drilled as absolutely horizontal as human hands could drive 
tbem into a bed of solid rock lU ft. above the quarry floor, and 
forming a continuous part of the lower portiou oi Wk: c\iffi \^Q iV 
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in heigbt, and near to a salient angle where the quarry workings 
met at a right angle. The line of least re^istajiee of the first 
charge was 5 ft. 8 in. from the comer ; 4 ft. still further awaj 
from this first charge was placed the second charf^, and at 

4 ft. 8 in. yet again was the third charge. The bores 
were 3 ft. 4 in. in depth, and 1^ in. in diameter. The 
thickness of the bed of rock was 18 in. Each hole was 
loaded with 1 lb, of lithofractour, and was tamped with water. 
It need scarcely be said that gunpowder in such holes would 
merely shoot its solid tamping out like a shot from a gun, and 
that no work at all would be done in the rock. The middle or 
No. 2 charge was first fired, and blew out a cavei'n of trian- 
gular form over 1 ft, 6 in. along each of its bounding linG«, 
and the depth of which cavern was 3 ft. 6 in. ; the contiguouB 
bed was shivered for a distance of 6 ft. on each ride, and 
shaken and fissured over a length of 20 ft. From sucb B 
heading, further convenient workings were at once practicable. 
The other two shots were also similarly effected. Vie thus set 
the superior action of the violent nitro-glycerene detonation 
over the slower burning explosions of gunpowder. To give 
DOW an esauiple of floor work, in which gimpowder would 
equally do no more than fire a shot. A flat toe of rock ran 
out from a bight m the Breidden greenstone cliff, and open 
on one side and m front only. This toe was 12 ft, in length, 

5 ft. in width, tapering to a point, with its surface dipping 
from about 5 ft extreme height at its junction with the cliff 
to the level of the floor at the t^e ; the charge, a little over 
1 lb. of lithofracteur, Itemg put midway on the slope in the 
position of the mean height of 2 ft. The bore Ijole wae 
3 ft. 6 in. deep and IJ m. in diameter. \\'hcn the charge 
was fired, splinters of btone were sent into the air more than 
800 ft. up ; and the mass of the floor shattered completely 
over an area of 8 ft. S in. by 2 feet 2 in., and 3 ft. 6 in. 
deep, besides which eight considerable fissures were riven 
into the surrounding rock. Some of the blocks disrupted took 
five men with crowbars to move. The line of least resistance 
in this case had been 5 ft. 6 in. ; but the explosion was so 
Budden and effective, that the charge acted in all directioiw 
alike ; the fissures striking downwards as well as laterally — the 
full effects of the blast, indeed, not being ascertained until a 
considerable time afterwards in the comrse of the quarry work- 
ings. It has been said that 45 tons of stone were rai«ed 
altogether from this one blast. 

In Germany, lithofracteur has been used for the breaking tip 
of pig and waste iron. This was first done at the suggestion « ' 
Herr Biittgenbach, director of the Neuss Foundry. It has alea 
been aimilarly used at Krupp's great steel works at Esacn. The 
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following illuBtration of this class of work is from tlie atToimt 
in the " Berggeist " of an experiment made in the Iron Foundry 
of HeiT Holtinghaueen, of Achenbach. A piece of cast metal 
9 ft. long, 6 ft. wide, and 17 in, thick was broken into three large 
and many small pieces ; and a second, 120 centners in weight, was 
shattered into four pieces. Over each block fifteen rails were 
laid, in order to protect the neigliboiuing housee. "These 
raiU were hurled about 300 ft. up into the air, in many little 
pieces, affording a diverting spectacle." The charge is not 
recorded ; but at the Essen experiment a block of cast iron, 
53 in. long, 29 in. broad, and 19 in. thick, was split through at 
a single discharge by about 6 lbs. of lithofracteur, simply laid 
on the smooth surface and tumped with a few handfuls of 
loam. 

Independent of the merely commercial trials in this country 
last year^wliich were the most extensive and important 
private experiments ever performed with any of the nitro- 
glycerine compomids — oEGcial investigations were made in F&- 
bruary last, at the Nantmaur Quarries, by a committee of mili- 
tary and uaval officers, with certain civilian members, under 
instructions from the Home Office, with a view to the Secretary 
of Stat« granting a license for the manufacture of this fine 
explosive in England. On that occasion the celebrated waggon 
experiment of the former trials was repeated, and all the others 
requested by the committee carried out. with incontrovertiljle 
eucceBS. The waggon experiment alluded to had reference to a 
most important subject, namely, the safety or propriety with 
which this explosive could be carried on the railways. Its safe 
condition, when merely set fire to, whether open or enclosed in 
wooden boxes, has in both series amply and easily been demon- 
etrated ; but the question of what might occur in the case of 
railway collisions was of that vital nature that only a crucial 
teet could satisfy. Aa there is a long incline of some 700 yds., 
with a fall of 1 in 8, at the Nantmaur Quarries, and as Mr. 
France had some old atone tnickii of no great value, he very 
properly obtained, by practical proof, a true verdict on this 
exceedingly important subject. A truck was scotched on the 
line at 500 yda., and another, with cartridges of lithofracteur, 
attached to its wooden buffers, was started free from the top of 
the incline. The pace it attained at the moment of contact 
was fearful, and the concussion tremendous. The trucks were 
emaahed up and thrown off the rails ; but there was no explo- 
doD of the lithofracteur. It was simply squeezed out. 
Another truck was scotched on the line, and another one 
Btarted againat it in like manner, the running truck this time 
having the buffers, to which the cartridges were attached, 
plated with iron. Again a smaah, but no exp\oB\on. ^^ot« 
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this run some litbofracteur was put on the rails, for the 
of the trucks to pass over, which they did, simply squashing 
cartridges, and in one or two instances snapping Uttle fragment' 
like hoys' crackers, the stains on the metals not being biggw 
than half-crovp-ns, the residue, spread in contiguity around, nd 
being fired in any way whatever. Iron to iron was not tried a 
the experiments of last year, as Professor Engels, the inventor, 
stated that the lithofracteur would explode confined between 
metals under such very violent blows. In the recent offidsl 
experiments not only were those wood to wood and iron to wood 
experiments repeated with identical results, but a truck vn 
launched having both buffers plated with iron and charged 
with three cartridges each, and run at the same terrific speed 
against a scotched waggon with iron plated buffers also. Th« 
truck hit true, and, of course, all six cartridges exploded, send- 
ing smokeless jets of gas straight up like pistol dischai^:es, in 
the instant of impact, some 12 ft. or 14 ft. into the air. No 
splinters were scattered from this discbarge, but the iron plata 
were bent about and much distorted. Our plate (Pkt* 
LXXXIII.) shows the incline at Mr. France's quarries, and 
the wreck of the trucks in this last experiment, which took 
place on February 24 last. 

During the past month lithofracteur has further shown iU i 
capabihties under wat«r. The Alarm, a schooner belonging to 1 
Brisham, capsized in January, in the river Parratt, about tbiee 
miles below Bridgewater, and in the attempts to raise her slie || 
was drawn, heeled over, right across the stream in such a my i 
as not only to fill with sand but to cause banks obatmctive W 
the navigation to be formed. The Company in which she ms 
insured were not only threatened by shipowners with actions, 
but the town authorities, under a clause in their Act of Parlia- 
ment, gave notice that if she was not forthwith got out of tbe 
way they should clear the wreck themselves and recover the 
cost. Under these circumstances Mr. France, who has had 
sufBeient practical experience of the explosive in his own 
quarries, undertook to blow up the wreck, which he did most 
completely on the 18th ultimo with two charges of SOihs, 
each. The first charge was put in a tarred water-tight box, 
and pushed in atop of the sand under the deck close to tie 
raizen-mast, and by this the after half of the vessel was 
destroyed and the sand much cleared out of the forward portion. 
In the second charge the cartridges were put in a mere broken 
wood case, all loose, with the water running in between thena. 
This was placed under the side of the vessel heeled over ; and 
it effected complete demolition, a deep hole of upwards of ten 
feet being made in the river-bed where the obstruction pre- 
viously existed. In the first explosion a fountain of water wai 
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^^ , with debris of the planking and timbers, 80 ft, or 90 ft. 
mto tbe air ; in the second the said debris and water boiled up 
over a large area around for very many yards— -indeed, for half 
a mile of tbe river's surface tbe stream was covered with 
floating splinters and wreck. The cbargea were in both cases 
fired with detonators ignited by lengths of from 20 ft. to 50 ft. 
of Bickford and Bennett fuze, both being burning fuzes of the 
same nature, 

There has thus in every case been demonstrated the control 
obtained by chemists and manufacturers over that terrible 
substance nitro-glycerine, which the Government of this country 
was, in a moment of panic, weak enough to taboo, but which, 
now held in the bonds of acience, will prove a salvation to life 
and limb in thousands of quarries and mines all over the earth. 
No stronger condemnation of Government interference in matters 
beyond the bounds of politics can possibly be instanced than in 
this particular case. The ban, however, unfortunately is not yet 
removed ; and Englislimen are still debarred the use of those 
explosives which, under all ordinary conditions, merely bum, 
and only explode when purposely detonated under a definite 
and aprioj'i purpose of the user's will. 
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THE PHYSIOLOGIC.U. POSITION OF ALCOH 
Br Dh. lUCnATiDBON, F.R.S. 



AT the present monjent, tlie "Alcfhol Question," as it is 
called, is, in various ways, ont; of the most anxious sul>- 
ject« of out^door controversy. The leaders of the temperanee 
movement, seeing the tide that was once against them hesi- 
tating, if not turning in their favour, are redoubling their 
efforts with a certain improvement of method which bodes 
better for them and their works : the politicians are beginning 
to consider the solution of the problem of the successful 
managementjby Act of Parliament, of the "habitual drunkard:" 
the statist is re-collecting and revising his tables on the influ- 
ence of alcohol upon the health, the wealth, and the vitality 
of communities : the actuary is learning that, with an advance 
of temperance, his calculations may require amendment : the 
people resident in quiet and respectable villages, or in sections 
of great cities and towns, are silently but surely conspiring 
against that old institution, the public hostel, and that older 
of institutions still, "mine "host" of the hostel: the chemists 
are busy with their analyses of wines, beers, and spirits, and are 
charged with subtle arguments on the question whether tl* 
animal body, by its living force, can turn alcohol into new and 
different products of the organic series : and lastly, but by no 
means leastly, the doctors are making clean breasts on the subject 
of their dealii^s with alcohol in the sick room, in a sti'ain which 
partakes rather of sentiment than of reality, or of that serene 
judgment and re6ection so becoming to the professional mind- 
In the midst of this singular revolution of thought and of re- 
velation of fact against the use of alcohol, it is, I had almost 
said, appalling to observe bow its use extends. What is protest 
in theory is met by counter-protest in practice. Is theory or 
practice ialse ? That is the question, 

The answer I shall try lerewith to give to that question 
shall consist of fact and suggestion. I have no part in men 
controversy. I have tried by experiment and experience to 
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read the physiological action of alcohol, and ths reading thus 
obtained I propose to put forward in this brief chronicle. Let the 
reader, if he choose, take up the controversy from the narrative. 

I would deal now with one part of the science side of the 
alcohol question, and which, put in very simple language, would 
stand as follows : Is alcohol good for the health of man and 
the lower animals? Does it give them strength, readiness for 
work, endurance for work, length of days, happiness ? To 
answer the question relating to the lower animals first, we may, 
I think, come to the safe conclusion that alcohol is not good 
for animals under the rank of man. Calves fed on gin-ballB— 
barley meal and gin — are very soon prepared for the abattoir, 
but are not exalted into anything very sprightly and lovely in 
the bovine line. On the contrary, they are rendered dull, 
slothfiil, sleepy calves, on whose bodies the advice " Rest and 
be thankful " is morally branded. Cats and kittens are equally 
deteriorated by alcohol. I knew some young people who 
gradually taught a favourite kitten to walk round the dinner- 
tnble during dessert and taste wine. It was not long before 
the taste became a luxurious habit with the animal, but she 
Boon began to fail imder it. She Elept half her life, lost all 
desire for play, and in the course of a month or two was 
dropsical and beyond cure. She contmcted the liver disease - 
ciUed cirrhosis, and a very perfect specimen of the disorder she 
presented after her untimely death. I have observed that birds 
can be made to acquire a taste for alcohol. Pigeons and fowls, 
after a little training, will pick up peas saturated with spirit, 
and subsist on such diet. Tlie animals fatten and sleep, but 
they lose their vivacity, and certainly lose their muscular power. 
The same rule holds good with fish. These animals, under the 
feeble but steady influence of alcoJjol, become indolent and 
sleepy and soon die. 

On the whole, then, we may conclude safely that god 
Bacchus meant wine and all its allies specially for man. 
Perhaps he foresaw that it would be too expensive an article 
for beasts generally, and so wisely limited its adaptation ; or 
perhaps he did not adapt it wisely for the good of man, since, 
according to the best accounts of him from those his votaries 
who believe in him, he was not a personage who went deeply 
into any other subject than wine. Was he wise, and is alcohol ■ 
bad for beasts, good for man ? We will turn to this question. 

It is right, before entering on this question, to say that under 
the word alcohol I mean specifically the alcohol which ordi- 
narily enters into wines, heei-s, spirits, and upon which their 
action as stimulants depends. There are many other substances 
included now, by chemists, under the term alcohols, such i 
methylic, butylic, and amylic alcohols ; and theie « Mvattis 
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eing^ular alcohol called meroaptau, or sulphur aJcohol, in which 
the elemeut sulphur replaces the element oxygen of common 
alcohol. Certain of these other alcuhole — thuse above named 
particularly — I have made, also, subject of physiological studj : 
aud the report of their action would afford scope for an article 
that could not, I think, fail to be of interest to BcientiBc readen 
whose tastes lean towards physiological research. But, as it 
will be simplest to begin with the alcohol that is best known, 
and for good or for evil is most potent in the world in our tLm«i 
I confine, on this occasion, myself to it — ethyitc or covimun 
alcohol. 

Ethylic alcohol will enter the animal Iwdy by any channel 
through which it cao be administered. It may be introduced 
by the stomach, by the connective tissue beneath the skin, into 
which it can be readily injected, and by the inhalation of it* 
vapour by the lungs. This last method of admiaistration is, 
however, the most difficult, the quantity required for the pro- 
duction of au effect being considerable, and the time required 
very long. The animals most susceptible to the action of 
alcohol-vapour are pigeons ; but even they resist the influence of 
the vapour so determiuately, that the same quantity which 
would produce a profound effect in half-an-hour, were it injected 
subcutaneously, exerts no marked influence if admimetered 
through the air. 

But in whatever mode alcohol may be passed into the living 
body to produce modification of physiological action, the 
changes it excites are remarkably uniform, and cceteris panbui 
the amount required to induce the chaises is also unifonn. 
Thus, I have found, by many researches, that the proportion 
of sixty grains of alcohol to the pound weight of the. aoimal 
body is the quantity capable of producing an extreme effect. 

The order of the changes induced is, in like manner, 
singularly uniform, and extends in a methodical way through 
all classes of animals that may be subjected to the influence; 
and as the details of this part of my subject are the facts that 
concern ua most, I shall expend some time in their narration. 

The first symptom of moment that attracts attention, after ' 
aloohol has commenced to take effect ou the animal body, ia 
what may be called vascular excitement ; in other words, over- 
action of the arterial vessels and of the heart, or, speaking still 
more correctly, over-action of the heart and arterial vessels. 
The heart beats more quickly, and thereupon the pulse riirea. 
There may be some other symptoms of a subjective kind — 
symptoms felt by the person or animal imder the alcohol — but 
this one symptom of vascular excitement is the first objective 
symptom, or that which is presented to the observer. I 
endeavoured in one research to determine from observations on 
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inferior animais what was tlie actual degi-ee of vascular exoite- 
meot induced by alcohol, and my results were full of interest. 
They have, however, been entirely superseded by the obseira- 
tions made on the human subject by Dr. Parkes and Count 
Wollowicz. 

These olraervers conducted their enquiries on the young and 
healthy adult man. They counted the beats of the heart, first 
at regular intervals, during what were called water periods, 
that is to say, during periods when the subject under observa- 
tion drank nothing hut water; and next, taking still the same 
subject, they coimted the beats of the heart during successive 
periods in which alcohol was taken in increasing quantities : 
thus step by step they measured the precise action of alcohol 
on the heart, and thereby the precise primary influence induced 
by alcohol. Their results were aa follow : — 

" The average number of beats of the heart in 24 hours (as 
calculated from eight obser\-atioos made in 14 hours) during the 
first, or water period, was 106,000 ; in the alcoholic period it 
was 127,000, or about 21,000 more ; and in the brandy period 
it was 131,000, or 25,000 more. 

The highest of the daily means of the pulse observed during 
the first or water period was 77-5 ; Tint on this day two observa- 
tions are deficient. The next highest daily mean was 77 beats. 

If, instead of the mean of the eight days, or 73*57, we 
compare the mean of this one day, viz., 77 beats per minute, 
with the alcoholic days, so as to be sure not to over-estimate 
the action of the alcohol, we find : — 

On the 9th day with one fluid ounce of alcohol the heart beat 
430 times more. 

On the lOth day, with two fluid oimces, 1,872 times more, 

On the nth day, with four fluid ounces. 1*2,960 times more. 

On the 12th day, with six fluid ounces, 30,672 limes more. 

On the 13th day, with eight fluid ounces, 23,904 times more. 

On the 14th day, with eight fluid oimces, 25.488 times more. 

But as there was ephemeral fever on the 12th day it ia right 
to make a deduction, and to estimate the number of beats in 
that day as midway between the 11th and 13th days, or 18,432. 
Adopting this, the mean daily excess of beats diuring the 
alcoholic days was 14,492, or an increase of rather more than 
13 per cent. 

The first day of alcohol gave an excess of 4 per cent., and the 
last of 23 per cent. ; and the mean of these two gives almost 
the same percentage of excess as the mean of the six days. 

Admitting that each beat of the heart was as strong during 
the alcoholic period as in the water period (and it was really 
more powerful), the heart on the last two days of alcohol was 
doing one-fifth more work. 
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Adopting the lowest egtimate which has been givrai of the 
dail7 work done by the heart, viz., as equal to 122 tons lifted 
one foot, the heart, during the alcoholic period, did daily 
work in excess eqiial to lifting 1 58 tons one foot, and in the last 
two days did extra work to the amount of 24 tons lifted as far. 

The period of rest for the heart was shortened, though, 
perhaps, not to such an extent as would be inferred from tie 
number of beats ; for each contraction was sooner over. The 
heart, on the fifth and sixth days after alcohol was left off, 
and apparently at the time when the last traces of alcohol were 
eliminated, showed in the sphygmographic tracings signs of 
unusual feebleness ; and, perhaps, in consequence of this, when 
the brandy quickened the heart again, the tracings showed a 
more rapid contraction of the ventricles, but less power, than 
in the alcoholic period. The brandy acted, in tact, on a lieart 
whose nutrition had not been perfectly restored." 

It is difficult, at first glance, to realize tJie excessive amount 
of work performed by the heart under this extreme excitement. 
Little wonder is it that, after the labour imposed upon it liy six 
ounces of alcohol, the heart should flag ; still less wonder that 
the brain and muscles which depend upon the heart for their 
blood supply should be languid for many hours, and shonU 
require tlie rest of long sleep for renovation. It is hard physical 
work, in short, to fight against alcohol ; harder than rowing, 
walking, wrestling, carrying heavy weights, coal-heaving, or the 
tread-wheel itself. 

While the heart is thiis labouring under the action of 
alcoholic stimulation, a change ia obsert'ahio in the extreme 
circulation — that circulation of blood which by varying shades 
of colour in exposed parts of the body, such as the cheek, is 
visible to the eye. The peripheral circulation is quickened, the 
vessels distended. We see this usually in persons under the 
influence of wine in the early stage, and we Bpeak of it zb the 
flush produced by wine. The authors I have already quoted 
report upon it in definite terms. " The peripheral circulation 
(during alcoholic excitement) was accelerated, and the vessels 
were enlarged, and the effect was so marked as to show that this is 
an importfuit influence for good or for evil when alcohol is used." 

By common observation the flush seen on the cheek during 
the first stage of alcoholic excitation is supposed to extend merely 
to the parts actually seen. It cannot, however, be too forcibly 
impressed on the mind of the reader that the condition is 
universal in the body. If the lungs could be seen they, too, 
would be found with their vessels injected ; if the brain and 
spinal cord could be laid open to view they would be discovered 
in the same condition ; if the stomach, the liver, the spleen* 
the kidneys, or any other vascular organs or parts could be laid 
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to the eye, the vascular enlargement would be equally 
est. 

couTfie of time, in persons accustomed to alcohol, the 
lar changes, temporary only in the noviciate, become 
med and permanent. The bloom on the nose which 
cterizea the genial toper is the established sign of alcoholic 
1 on vascular structure. 

Mntly some new physiological enquiries have served to 
in the reason why, imder alcohol, the heart at first beats 
ickly and why the pulses rise. At one time it was ima- 
tbat the alcohol acted immediately upon the heart, 
.lating it to increased action, and from this idea — false 
I should say — of the primary action of alcohol, many 
sous conclusions have been drawn. We have now learned 
here exist many chemical bodies which act directly by pro- 
g a paralysis of the organic nervous supply of the vessels 
1 constitute the minute vascular circuit. These minute 
Is when paralysed ofier inefficient resistance to the stroke of 
eart, and the heart thus liberated, like the mainspring of a 
from which the resistance has been removed, quickens in 
1, dilating the minute and feebly-acting vessels, and giving 
nee really not of increased but of wasted power. 
e phenomena noticed above constitute the first stage of 
olic action on the body ; we may call it the stage of 
jment ; it corresponds with a similar stage or degree caused 
loroform. 

the action of alcohol l)e carried further, a new set of 
jes are induced in another part of the ne^^'0UB system — 
pinal system. Whether this change be due simply to the 
fication of the circulation in the spinal cord, or to the 
t action of the alcohol upon the nervous matter, is not 
mown, but the fact of change of function is well marked, 
t consists of deficient power of co-ordination of muscular 
ment. The nervous control of eertiain of the muscles is lost, 
he nervous stimulus is more or less enfeebled. The muscles 
le lower lip in the human subject usually fail first of all, 
the muscles of the lower limbs, and it is worthy of remark 
the flexor muscles give way earlier than the extensors. 
muscles themselves by this time are also failing in power ; 
respond more feebly than is natural to the galvanic sti- 
is ; they, too, are coming under the depressing influence of 
taralysing agent, their structure temporarily changed, and 
contractile power everywhere reduced. This modification 
e animal functions under alcohol marks the second degree 
I action. In this degree, in young subjects, there is usually 
ting, and in birds this symptom is invariable. Under 
'ofonn there is produced a degree or stage of action holding 
ame place in the order of phenomena. 
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The influence of the alcohol continued Btill longer, the upper 
portions of the cerebral maas, or larger brain, become impli- 
cated. These are the centres of thought and volition, and as 
they become unbalanced and thrown into chaos, the mind loses 
equilibrium, and the ratiooal part of the nature of the man 
givea way l)efore the emotional, passional, or mere organic part, 
The reason now is off duty, or is fooling with duty, and all 
the mere animal instincts and sentiments are laid atrociousljr 
bare. The coward shows up more craven, the bri^gart more 
braggart, the bold more bold, the cruel more cruel, the igno- 
rant more ignorant, the untruthful more untruthful, the carnal 
more carnal. " In vino Veritas " expresses faithfully, indeed 
even to pbyaiological accuracy, a true condition. The spirits 
of the emotions are all in revel, and are prepared to rattle over 
each other in wild disorder ; foolish sentimentality, extending 
to tears, grotesque and meaningless laughter, absurd promises 
and asseverations, inane threats or childish predictions impel 
the tongue, until at last there is failure of the senses, distor- 
tion of the objective realities of life, obscurity, sleep, insensi- 
bility, and utter muscular prostration. This constitutes the 
third stage of alcoholic intoxication. It is the stage of insen- 
sibility under chloroform when the surgeon ped'orms bis painless 
task. 

^^'llile these changes in the action of the nen'ous system ate 
in progress there is a peculiar modification proceeding in 
respect to the temperatiue of the body. For a little time the 
external or surface temperature is increased, especially in those 
parts that are unduly charged and flushed with blood. But it 
is to he observed that in respect to the mass of the body the 
tendency is to a fall of temperature. In the progress towards 
complete intoxication under alcohol, however, there ate, ft& 
we have already seen, three degrees or stages. The first ii 
a stage of simple exhilaration, the second of excitement, the 
third of rambling insensibility, and the fourth of entire on- 
consciousness, with muscular prostration. The duration of these 
stages can be modified in the most remarkable: manner by the 
mode of administration ; but whether they are developed or re- 
covered from in an hour or a day, they are always present except ^ 
in cases where the quantity of alcohol administered is in sum 
excess that life instantly is endangered or destroyed. In the 
first or exhilarative stage the temperature undergoes a slight 
increase ; in birds a degree Fahrenheit, in mammals half a 
degree. Iq the second degree, during which there is vomit- 
ing in birds, or attempts at vomiting, the temperature comes 
back to its natural standard, but soon begins to fall ; and 
during the third degree the decline continues. The third 
degree fully established, the temperature fells to ita first 
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minimum, and in birds cornea down from five and a half 
to six degrees ; in rabbits from two and a half to three 
degrees. In this condition the animal temperature often 
remains until there are signs of recovery, \iz,, conscious 
or eemi-conscious movements, upon which there may be a second 
fall of temperature of two or even three degrees in birds. In 
this course of recovery I have seen, for instance, the temperature 
of a pigeon which had a natural standard of 110° Fahr. reduced 
to 102°. Usually with this depression of force there is a desire 
for sleep, and with perfect rest in a warm air there is a return 
of animal heat ; hut the return is very slow, the space of time 
required to bring back the natural heat being from three to 
four times longer than that which wos required to reduce it to 
the minimum. 

In these fluctuations of temperature the ordinary influences 
of the external air play an important part as regards duration 
of the fluctuation, and to some extent bs regards extremes of 
fluctuation. 

These facts respecting fall of temperature of the animal body 
under alcohol were derived from ohaervations originally taken 
from the inferior animals ; they have been confirmed since by 
other obaen'ers from the human subject. Dr. De Marmon, of 
King's Bridge, New York, has specially proved this fact in some 
instances of poisoning by whisky in young children. In one 
of these examples the temperature of the body fell from the 
natural standard of 98° Fahr. to 94°, in another to 93J°. 

Through all the three stages noticed in the above, the decline 
of animal heat is a steadily progressing phenomenon. It is 
true that in the first stage the heat of the flushed parts of the 
body is for a brief time raised, but this is due to greater distri- 
bution of blood and increased radiation, not to an actual 
increment of heat within the body. The mass of the body is 
cooling, in fact, while the surfaces are more briskly radiating, 
and Boon, aa the supply of lieat-motion fails, there is fall of 
surface temperature also ; a fall becoming more decided from 
hour to hour up to the occurrence of the fourth and final stage, 
of which I have now to treat. 

The fourth degree of alcoholic intoxication is one of collapse 
of the volitional nervous centres, of the muscular organs under 
the control of those centres, and of some of the organic or mere 
animal centres. It is true that while the body ties prostrate 
under alcohol there are observed certain curious movements of 
the limbs, but these are not stimulated from the centres of 
volition, nor are they reflected motions derived from any external 
stimulus ; they are strange automatic movements, as if still in 
the gpinal cord there were some life, and they continue irregularly 
nearly to the ehd of the chapter, even when the end \a iea,\ii. 
TOL. II. — so, xun. M 
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Througli the whole of this last stage two centres reina,in 
longeBt true to their duty, the centre that calls into play the 
respiratory action, and the centre that stimulates the heart. 
There is then an interval during which there are no movementB 
whatever, save these of the diaphragm and the heart, and when 
these fail the primary failure is in the breathing muscle : to 
the last the heart continues in action. 

The leading peculiarity of the action of alcohol la the slow- 
ness with which the two centres that supply the heart and the 
great respiratory muscle are affected. In this lies the com- 
parative safety of alcohol : acting evenly and slowly, the diffe- 
rent systems of organs die after each other, or together, 
gently, with the exception of those two on which the continuance 
of mere animal life depends. But for this provision every 
deeply intoxicated animal would inevitahly die. 

It happens usually, nevertheless, that under favourable 
circumstances the intoxicated live : the temperature of the 
body sinks two or three degrees lower, but the alcohol diffusing 
through all the tissues, and escaping by diffusion and elimi- 
nation, the living centres are slowly relieved, and so there is 
slow return of power. If death acttxally occiu^, the cause of it 
is condensation of fluid on the bronchial surfaces and arrest of 
respiration from this purely mechanical cause. The animal ia 
literally drowned in his own secretion. 

Such are the stages or degrees of alcoholic narcotism, from 
the first to the last. And with the description of them, and 
the order in which they come, my present task is well nigh 
complete. There arise, however, a few thoughU and suggestions 
deserving of brief notice. 

1. In the first place we gather from the physiological 
reading of the action of alcohol that the agent is a narcotic. 
I have compared it througbout to chloroform, and the compa- 
rison is good in all respects save one, viz. that alcohol is less fatal 
than chloroform as an immediate destroyer. It kills certainly 
in its own way to the exteot, according to Dr. De Marmon, of 
fifty thousand persons a year in England, and ten thousand a 
year in Russia, but its method of killing is slow, indirect, and 
by painful disease. 

2. The well proven fact that alcohol, when it is taken into 
the body, reduces the animal temperature, is full of the m<»t 
important suggestions. The fact shows that alcohol does cot 
in any sense act as a supplier of vital heat as is so commonly 
supposed, and that it does Bot prevent the loss of heat as those 
imagine ' who take just a drop to keep out the cold.' It shows, 
on the contrary, that cold and alcohol in their effects on tlie 
body run closely together, an opinion most fully confirmed by 
<Ae eajten'ence of those who live or travel in cold regions of the 
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eartli. The experiences of the Arctic voyagers, of tlie leaders of 
the great Napoleonic campaign in Ruagia, of the good monks 
of St. Bernard, all testify that death from cold is accelerated 
by it* ally alcohol. Experiments with alcohol in extreme cold 
tell the like story, while the chilliness of body which succeeds 
upon even a moderate excess of alcoholic indulgence leads 
direct to the same indication of truth. 

3. The conclusive evidence now in our possession that 
alcohol taken into the animal body seta free the heart, so as to 
cause the excess of motion of which the record has been given 
above, is proof that the heart, under the frequent influence of 
alcohol, must undergo deleterious change of structure. It 
may, indeed, be admitted in proper fairness, that when the 
heart is passing through this rapid movement it is working under 
lesa pressure than when its movements are slow and natural; 
and this allowance must needs l>e made or the inference 
would be that the organ ought to stop at once in function by 
tlie excess of strain put upon it. At the same time the 
excess of motion is unquestionably injurious to the heart and 
to the body at large : it subjects the body in all its parts to 
irregularity of supply of blood ; it subjects the heart to the 
same injurious influence ; it weakens and, as a necessary 
sequence, degrades both the body and the heart. 

4. Speaking honestly, I cannot, by any argument yet 
[^resented to me, admit the alcohols by any sign that should 
distinguish them from other chemical substances of the ex- 
citing and depressing narcotic class. When it is physiologi- 
cally understood that what is called stimulation or excitement 
is, io absolute fact, a relaxation, I had nearly said a paralysis, 
of one of the most important mechanisms in the animal body 
— the minute, resisting, compensating circulation — we grasp 
quickly the error in respect to the action of stimulants in 
which we have been educated, and obtain a clear solution of 
the well known experience that all excitement, all passion, 
leaves, after its departure, lowness of heart, depression of mind, 
sadness of spirit. We learn, then, in respect ^to alcohol, that 
the temporary excitement it produces is at the expense of the 
animal force, and that the ideas of its being necessary to resort 
to it, that it may lift up the forces of the animal body into 
Ixoe and firm and even activity, or that it may add some- 
thing useful to the living tissues, are errors as solenm as 
tiioy are widely disseminated. In the scientific education of 
the people no fact is more deserving of special comment than 
this fact, that excitement is wasted force, the ruiming down of 
the auimal mechanism before it has served out its time of ■ 
notion. 

5. It will be said that alcohol clieers tbe weary, aai. ^;\sa.\. 'Ui 



164 



FOPrtAB SCIHKOI tVnWr 



take a. little wIdo fur the stomacli'e Bake is nne of tlio^ lc£60iu 
that comes from the deep receese§ of hiunan nature. I am Dofc 
BO obstinate as to deny this ai'gument. There are times io tht 
life of man when the heart is oppressed, when the resistance to 
ito motion is excessive, and when blood Sows languidly to the 
centres of life, nervous and muscular. lu tln-ite momenti 
alcohol cheers. It let^ loose the heart from its oppression, it 
lets flow a brisker current of blood into the fiiilin^ organs ; it 
iiids nutritive changes, and altogether is of tempiiraiy senice 
t-o man. So fitr alcohol is good, and if its use could be limited 
Io this one action, this one purpose, it would lie amongst the 
most excellent of the gifts of nature to mankind. Unhappily, 
the border line between this use and the abuse of it, the tcrap- 
t«t inn to extend l)eyond the use. the habit to apply the use when 
it is not wanted as readily as when it is wanted, overbalanw, in 
llif multitude of men, the temporary value that attaches tnJv 
t« alcohol as a pbysiologitral agent. Hence alcohol becomes a 
dtiniferoiis instriuiient even in the bands of the strong and vUe, 
n murdcrniiH instrument in the bands of the foolish and weak. 
Used tim fii'iiiiL-ntly, used too excessively, the agent that in mo- 
d(;mtiijn cheers the failing body, relaxes its parts too extremelvj 
Mpoils vital organs; makes the course of the circulation slow, 
impurfect, inegnlar; suggests the call for more stimulation: 
tempts to renewal of the evil, and ruins the mechanisni of the 
healthy animal before its hour for min, by natural decay, should 
he nt. nil near. 

6. It is assumed by most persons that alcohol gives strength, 
and we hear feeble persona saying daily that they are being 
kept up by stimulants. This means actually that they are 
Iwing kept down, but the sensation they derive from the imme- 
diati! action of the stimulant deceives them and leads them Ui 
attribute lasting good to what, in the large majority of cases, is 
persistent evil. 'J'lie evidence is all-perfect that alcohol gives 
no potential power to brain or muscle. During the first stuj^ 
of its action it may enable a wearied or feeble organism' to 
do brisk work for a short lime ; it may make the mind briefly 
brilliant ; it may excite muscle to quick action, but it dots 
nothing at its own cost, tills up nothing it has destroyed as it 
leads to destruction. A fire makes a brilliant sight, but it Jearca 
a desolation ; and thus with alcohol. 

On the muscular force the very slightest excess of aloaholle 
ioBuence is injurious. I find by measiuing the power of musclo 
for contraction in the natmal state and uuder alcohol, tliat ni 
soon as there is a distinct indication of muscnhir disturbance, 
there is also indication of muscular fiiilurc, and if I wished, by 
scientific experiment, to spoil for work the most perfect specimvn 
of a working animal, eay a horse, without inflicting mechanioil 
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injury, I could choose no better agent for the purpose of the ex- 
periment than alcohol. But alasl the readiness with which 
strong well-built men slip into general paralysis under tiie con- 
tinued influence of this false support, attests how unnecessary 
it were to put a lower animal to the proof of an experiment. 
The experiment is a custom, and man is the subject. 

7. It may be urged that men take alcohol, nevertheless, take 
it freely and yet live ; that the adult Swede drinks his average 
cup of twenty-five gallons of alcohol per year and yet remains 
on the &ce of the earth. I admit force even in this argument, 
for I know that under the persistent use of alcohol there is a 
secondary provision for the continuance of life. In the con- 
firmed alcoholic the alcohol is in a certain sense so disposed of that 
it fitfi, as it were, the body for a long season, nay, becomes part of 
it; and yet it is silently doing its fatal work: all the organs of the 
body are slowly being brought into a state of adaptation to 
receive it and to dispose of it ; but in that very preparation 
Ihey are themselves undergoing physical changes tending to 
the destruction of their function and to perversion of their 
structure. Thus, the origin of alcoholic phthisis, of cirrhosis 
of the liver, of degeneration of the kidney, of disease of the 
membranes of the brain, of disease of the substance of the 
brain and spinal cord, of degeneration of the heart, and of all 
those varied modifications of orga.mc parts which the dis- 
sector of the human subject so soon learns to obser\-e — almoat 
without concern, and certainly ivithout anything more than 
commonplace curiosity — as the devastations incident to alcoholic 
indulgence. Thus, the origin of such a report as that of Mr, 
Everrett on the census of America in 1B60, related by Dr. 
De Marmon in the ' New York Medical Journal ' for December 
1870. 

"For the last ten years the use of spirits has^ — 1. Imposed on 
Uie nation a direct expense of 600,000,000 dollars. 2. Haa 
CMued an indirect expense of 600,000,000 dollars. 3. Has 
destroyed 300,000 lives. 4. Has sent 100,000 children to the 
poorhouses. 5. Has committed at least 150,000 people into 
prisons and workhouses. 6. Has made at least 1,000 in- 
sane. 7. Has determined at least 2,000 suicides. 8. Has 
caused the loss, by fire or violence, of at least 10,000,000 
doUan* worth of property. 9. Has made 200,000 widows and 
1,000,000 orphans." 

When I sat down to write this essay I noted many points of 
peculiar scientific interest as deserving my attention, and 
amongst these one specially important, the question ; — How 
alcohol, after it has been taken into the organism, is disposed 
of, whether by conversion into a new product, by which it 
ceases to be alcohol, or whether, by leaving tbe \wA'3^ a& V^i 



entered it, an imbroken chemical compound ? This question, 
however important scientifically, is of secondary moment when 
it is compared with the study of the direct, regular, and 
almost unvarying action of alcohol upon the body during 
life, and I have therefore left it in order t« place before 
tho mind of my readers the actual influence of alcohol on 
Use body of the animal that takes it, whatever may be^»ime 
of it after it has entered the body. If in this effort 1 have 
shown how far alcohol ie really good, and how such value as 
there is in it is limited at most to the first stage of its action : 
if I have shown how, being a so-called stimulant., it is not a 
giver of power ; if I have indicated by what flight error in tho 
use of it it is a destroyer of power of the most potent charac- 
ter ; and if, from experimental research on the physiological 
action of the agent, I ha^e been able to communicate to the 
w^rld some facts not before rightly understood, my intention ia 
carried out. I hope, moreover, the intention is carried ont 
with benefit to the greatest of all social efforts, tho effort to 
reduce alcohol to its legitimate application as an inatnunanb 
for some good and most evil in the possession of man. 
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pHE true nature of sponges has long lie?n a puzzle to natu- 
rjlists, and various opinions have been held concerning them. 
No one now supposes them to be memberti of the vegetable king- 
dom ; but, though their animality is decided, discussions are 
still going on as to the group with which they are most nearly 
connected ; and much light might be thrown upon the subject 
if more microscopists would watch the early stages and growth 
of either marine or freshwater forms. SpongiUte, which belong 
to the latter, are known to most collectors, but few do more 
than make a rough examination of their structure, or mount 
gem mules as cabinet objects. 

Recent researches of Professor H. James Clark will help to 
stimulate enquiry into these interesting organisms ; but. his last 
paper, which appeared in " Silliman's Journal," and which la 
copied into the "Monthly Microscopical Journal" for March, 
will scarcely be inteUigible without some previous knowledge, 
and reference to other books. 

What is now proposed ia to supply a sufficient popular ex- 
planation of the most interesting points, freed as much as 
possible from technical difficulties, and from details which be- 
ginners will l.iest learn from actual study of tlie objects. 

Professor H. James Clark controverts the opinion of Haeckel 
and others, that sponges are essentially compound pt>Iyps, and 
he allies reasons for associating them with fiagellate, or whip- 
bearing, infusoria. 

In entering upon these subjects, it is necessary to form some 
idea of the more obvious chamcteriatics of sponges, polyps, and 
whip-bearing infusorians. In the first place, it ii well for the 
student to contemplate widely different sorts of sponj;e. Take, 
for example, a common toilet sponge— here is the skeleton of a 
B belonging to the keratoee group. Its structure is what 
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is cocimoiily meant by spoDgy, and the material having bei^i 
likened to lioniy substances, lias received the nume of keratom 
from tlie Greek Iwraa, a horn. The term is so thoroughly ac- 
cepted, tiiat it would be impracticable to change it, alllioagfa 
the material somewhat differs chemically and physically from 
bom. It has, however, the characteristics of an aoiinal sub- 
stance, and contains sixteen per cent, of nitrogen. 

If, aft«r noticing the characters of common sponge — itslai^r 
and smaller pores, its tendency to assume regular forms, cup- 
shaped, flattened, &c. — and the evidence presented by it^ base of 
having been fixed or rooted to a rock, the eye is turned to that 
exquisite and now not imconamon object, Venus' Flowerbasket 
(^EuplectelUi spedoaa), quite a different material meets the view. 
The elegant hom-of-plenty-sliaped object is seen to be compowcd 
of glassy fibres crossing, and apparently woven together like 
skilled basket-work, from whence its scientific name, Euplectella, 
well plaited or woven, was obviously suggested. Like tJie 
comtnoQ sponge, tliis shows that it was rooted by a basal 
end, and it exliibits a sim.iiar variety of larger and smaller 
pores. The common sponge inay be taken as the representative 
of the keratose group, the Euplectella of tlie siliceous or flinty 
group, for the glassy threads of which it is composed are de- 
posit^ of silex from living threads of animal matter. 

A third group of sponges have calcareoiis or carbonate of 
lime skeletons, and both these and the siliceous ones axe re- 
markable for the presence of spiculfe of various shapes. In 
Bowerbank's " British Spongidie," the most accessible work on 
the subject, the tliree orders are ranged thus : Calcarea, Silices, 
and Keratosa, and a subdivision of tlie latter is described as 
having " spiculated Keratoee fibre." It is, however, from the 
two former groups that the curious and beautiful spicuUe so com- 
monly found in microacopieal cabinets are derived j the ordinary 
sbiipes of whicli are well known to many wlio have never paid 
attention to the organisms from which they are derived. 

A good conception of the more obvious sponge characters 
may be derived from a passage in Dr. Bowerlmnk's book. He 
says : " Whatever may be their form, or however they may differ 
from each other in appearaiice, there are certain points in their 
organisation in which they all agree. In the first place, how- 
ever variable in its form and mode of structure, there is al- 
ways a skeleton present, in which the rest of the organic parta 
are based and maintained. Amidst this skeleton, and inti- 
mately incorporated with it, are the interstitial canals, usually 
of two series : ths first appropriated to the incurrent streams of 
the surrounding water, and the second to the excurrent streams, 
which they conduct from the interior of the sponge to the 
oscula at its ^lU'face, tlirough which tliey are discharged." 
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Everyportion of the sponge, in a live utate, is covered with fleshy ■ 
material sarcode, much like that of infusorial animals. De- j 
tached portions of this sarcode have heen described by Carter 
as moving somewhat like amiBb^, and Bowerbank observes: I 
" I have frequently, at different seasons of the year, taken por- 
tions of the sarcode from living and healthy specimens of spoo- 
gillffi in which I coidd not, by the closest attention, detect 
these motions, which are so readily seen at other periods of 
their existence : and even at the same period of the year, tlie 
Barcode of some specimens exhibits these motions, while in 
others they could not be detected." This passage suggests in- 
teresting experiments, wliich our readers may easily ma^e when 
gpoDgill^ie occur amongst their captures on collecting days. 
According to Bowcrliank, a power of 500 or COO linear enables 
the Eoicroscope to show that in a living sponge the whole of the 
sarcode abounds in nutrient particles, " some simply adhering 
to the surface, wliile others are imbedded at different degrees 
of depth." It should be added, that tills sarcode sub- 
stance is sensitive to external impulses, and contracts under 
conditions that would create alarm in creatures of higher or- 
ganisation capable of a mental impression. It has muscular 
power, ner\'ous power, and digestive power, without any dis- 
tinction of organs being visible. 

The roots of spouges are simply means of adhesion, or 
anchoring, whether they present the simple form of a sort of 
cement attaching them to rocks, or of glassy fibres, like the 
Olasa Rope Sponge, penetrating into mud. In no case have 
they anything to do with nutrition- 
Sponges are not exactly like plants, dependent entirely upon 
what air or water may bring to them for nutriment. They 
possess a ciliary apparatus, by which they can make artificial 
currents subservient to the purposes of food collecting, aeration, 
Ac. Sponge {jemmules also, by means of cilia, can travel about 
until tliey find an appropriate resting-place, and commence a 
sedentary life. The propagation of sponges takes place by e^s 
(ova), by buds (gemmides), and by divisions, such as is common 
with the infusoria. 

The preceding statements may excite curiosity to know more 
of these organisms, and prompt many readers to consult various 
writings on the subject. For the present object of introducing 
Professor H. Jamea Clark's re8eart?he9, we have perhaps said 
enough concerning the general characters of sponges, and shall 
now pass to a brief consideration of polyps, to which Haeckel 
and others assimilate them, and which notion Mr. Clark disputes, 
as many English observers have doDe and still do. 
^^hAU microscopists know the common freshwater polype. They 
^Hbng to the sub-kingdom C(Blentenita, and to its Vcm^V. V^^. 
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The bodies grouped imiier this term by modem naturalists an 
thus summarily descrilied by I*rofessor Keiiy Greene : * — " AD 
are furnished with an alimentary canal, freely communicating 
with the general or somatic cavity. The substance of the body 
consists essentially of two separate layers, an outer, ' ectoderm,' 
and an inner, or ' endoderm.' These two membmnes, but es- 
pecially the former, are in general provided with cilia." Another 
common characteristic is the presence of thread-cells, which are 
stinging organs. These, in a simple form, are easily seen when the 
tentacles of a common poly]i (li^dra) are squeezed in a eomprei- 
Borium, or live-box, and viewed with one-fourth or higher power. 

The more complicated and elegant forms found in sea ane- 
mones, which belong to the Ccelenterata, are described and 
figured by Mr. Gossc in his " Devonshire Coast." The Ctelen- 
terata have no proper blood-vessels, but the cilia cause currents 
of digested matter to flow to various parts. 

There are two leading groups of Ccelenterata, Hydroza (polyps 
simple, or in colonies) and Actjnozoa, of which the anemones 
may be taken as types. In the hydrozoa, the digest ive cavity is 
not distinct from the general body cavity, and " the reproductive 
organs are external," In the Actinozoa the wall of the 
digestive sac is separated from that of the somatic cavity by an 
intervening space, subdivided into chambers by a sericB of 
vertical jRirtitions, on the faces of which the reproductive 
organs are Bitiiated." f 

Colonising polyps are well represented by the Sertulariane, so 
common near sea-coasts, found adhering to large sea-weeds, 
shetls, bits of rock, &c., thrown up by the tides. In these 
formations we have elegantly branching trees of a homy-looking 
substance, bearing numerous cells, in each of which a polyp 
lives. Each polyp catches its own prey, digests its own dinner, 
and leads its own life ; but all the polyps have a share in the 
general colonial life, and contiibnte to its growth and stability. 
Mr. Hinck's admirable work, " British Hydroid Zoophytes," 
shoidd be in the hands of all who visit the sea-side, or who vrish 
to know the " lairy tales of science " that are to be told concemisg 
these exquisite and astonishing creatures. For the present it is 
enough to point t« the general character of their organisatioD, 
and to the fact of their living in a colonial associated life. 

Amongst the compound polyps are the Alcyonaria, a common 
specimen of which is often seen on oiu- coasts as a gristly- 
looking, whitish or yellow-brownish mass, with finger-like pro-- 
jections, and populaily called " Dead Men's Toes " (Alcyomum,- 
diffitatum). If alive, and placed in salt water, this repulsiror 
looking object assumes an aspect of fascinating beauty ; stor- 
ehaped polyps protruding from numerous pores, and spreading 
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Uieir tentaclee like tlie petals of a gbisdy flower. Of the 
Alcyonarian group, Professor Greene observes : " In many, though 
not all Alcyonaria, the somatic cavities of tlie separate polypes 
which make up the compound mass are prolonged into canals, 
freely communicating with one another, inoscidating, and form- 
ing a sort of aquiferous system, within which the nutritive 
products circulate." 

We may now come to the first paragrapli of Professor H. 
James Clark's paper on the American Spongilla, with a hope 
that some of the difficulties which prevent its being popularly 
intelligible have been removed. He says : " The argument of 
Haeckel and others, that the sponges are essentially compound 
polypi, is virtually based upon the assumption that the minor 
(afferent) and major (effereut) ostioles of the former correspond 
t« the mouths of the latter; and that the profusely branching 
afferent and efferent canals of the sponges are strictly conform- 
able with similar canals in the polypidom of the Halcyonarians ; 
and, by implication, the cilia-bearing cells of the interior lining 
wall of the zoophyte find their homologies in the ciliated cell- 
like bodies of the interior chambera of the porifera. If now it 
should turn out that these last are not altogether mere cell 
components of a tissue, but are each severally an independent 
body, although closely connected with others in a conunon bond^ 
the attempted parallelism between the two groups must utterly 
feil of confirmation. The tendency of Carter's investigations, 
and of our own too, is to show that this is no vain supposition." 

Professor Clark proceeds to give bis reasons for believing 
that the cilia-bearing objects of the American Spongilla, on 
which he particularly writes, are a sort of individual, and not, 
M Haeckel's theory would require, mere portions of a ciliated 
monbrane. In doing this he uses terms which are unintelli- 
gible without reference to his paper entitled ''Polarity and 
Po^cephalism," in "Silliman's Journal" for January 1870, and 
Vhid) aeeda popularising for the general reader. 

Frofeasor Clark's endeavour in tliis essay was to contribute to 
the decision that meets the zoologist under various forms. What 
is an individual ? and he endeavoured to establish a new sort of 
quaai-individuality. In man, the metaphysical question of 
individuality, or personal identity, becomes bo prominent from 
the dominant character of his cerebral system and the powers 
connected with it, that it requires considerable effort to con- 
template it from a purely zoological point of view. There is, 
however, no difficulty with any of the higher animals in deter- 
mining; tliat each one is an individual in the sense of a separate 
and complete representative of the species, as soon as it ib 
severed from the parental life and has an independent exist- 
ence ; but in many of the lower forms puzzling incidents occuc. 
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and a complele animal i^ as it were <livide<i into separate crea- 
tures, or u aumber of animals are so intimately eounected that 
the associated life seems to swallow up the indi\-idual lifi.*- 
Among the liydroid polyps, for example, two kinds of budding 
are conspicuous ; one adding' new mt-mbers to the colony, much 
S5 first It-aves and branches ^ow on a tree ; and the other acting 
according to what is technically called " discontinuous gemma- 
tion," that is, producing buds that drop off and become distinct 
organisms, differing from the immediate parejit so aa to appear 
creatures of another family. Besides this, true e^fs are fonned 
hy the action of male and female elements. Zoologically all 
the products of a single egg are considered as one individual 
notwithstanding the numln-r of forms that may \<e assumed, 
and the intermediat« steps tliat may take place before another 
true e^ is produci'd, and a fresh zoological indi\"idual started 
upon a new comer. 

Professor Chirk begins his essay by a protest against that theoiy 
of individuality which assumes that the separate ^fedusoid or 
jelly-fish forms taken by the reproductive organs of certain 
hydroid polyps are individuals in a higher degree than the polyps 
are ; and be remarks that " in the discussions of late yeara 
upon the individuality of the lower, compotmd, colonial denizens 
of the wat«r, the main points at issue liave always bren to 
dettrmine whether a certain form was, on one hand, an indi- 
vidxMi, either in the highest sense, or one of several inde- 
pendent individuals which constitute a colony ; or, on the other 
hand, an organ which formed only part of an individual." In 
the highest individuals each separate body contains all the 
parta and organs necessary for the due performance of a com- 
plete cycle of life functions, while in lower forma certain organs 
occupy distinct bodies, and would be taken for complete indi- 
viduals if their relation to other forms belonging to the same 
individuals was not known. Professor Clark refers to an obser- 
vation of Lereboullet to show that even in the vertebrates s 
tendency towards dualism exists, as he found an instance in a 
fish's egg of two heads and two tails proceeding from one centre 
of development. In many of the lower creatures the tendency 
is towards multiplicity — an ejttension of duality. Physiolo- 
gists use the term bilaterab'ty to describe the symmetrical 
arrangements of parts in a man for example — the growths on 
each side of a median line corresponding with each other. In 
the development from an ovum directive forces are exerted, not 
only to produce this bilateral arrangement, but also to tend to 
what he terms " antero-posteriority and dorso-ventrality," t«rm« 
easily understood. These actions sufficiently resemble what tha 
physicist calls polarity to justify the use of that word in deaig» 
nafing theni ; but it must be homo in mind Ih.it ecarcoly any- 
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thing is known concerning tlie way in which physical and 
cliemical forces are directed and co-ordinated in living organ- 
isms, and that when we speak of electric or magnetic polarity 
we do not really know that ultimate particles of matter have 
opposite (jKilar) qualities developed at opposite aides or enda. 

A complete organism may he regarded as composed of two 
puts — the vegetative and the reproductive. These are found 
united in all the higher animals — divided in many of the 
lower. " Neither alone can represent," say» Professor Clark, 
"the iadividual unit;" so he employs the term cepkaliam to 
indicate " the potentiality of these subdivisions to live apart," 
One he calls a vegetative, and the other a sexual cephaloid." 
Strong objections might he taken to this use of the term 
" cepbaloid," as there is no actual kepluxle or head in the 
cue, and etymology furnishes a hindrance rather than a help to 
understand the word. The present purpose, however, is not 
criticism, but exposition ; and the reader will now be prepared 
to understand wliat is meant when Professor Clark tenns cer- 
tain forms he meets with in spongillfe cephalidn, and why he 
calls sponger polycephalic animals. The American spongilla, 
which he names aracknoidea, differs from the English form. It 
resembles an irregular spider-web. " It lives in fresli-water 
rtreams and ponds, usually at the bottom of the stems of 
wator phints, or wherevci- there is considerable nhade ; appa- 
naitly avoiding the light, as we seldom if ever found it in open 
water. In size it varies from a few inches to half a line in dia- 
meter ; of no definite sliape ; and has a uniform fuscous or 
yellowish colour, and is wrapped about by a filmy transparent 
colourless envelope (investing membrane of Carter). The brown 
colour is inherent to the interior mass, in which groups of 
monads are imbedded. The investing membrane is also slightly 
tinged with amber colour by the large and small spicules which 
are embedded in it." It is only in minute specimens, free from 
extraneous matter, that the structure can be well observed. 

He describes tha whole sponge as furnished with a double 
eQTelope, the " outer and the inner parts of which are directly 
oontinuous into each other at many points." " The outer division 
lies at a considerable distance from the monadigerous mass, and, 
as it were, suspendc-d on the points of the larger or projecting 
ipicules, j ust as a tent canvas is supported on the ends of poles. 
The inner division closely embraces the monadigerous mass 
like an epidcimis, and even plunges beneath the hollow groups 

of monads, forming to them a basis of support In brief, 

we migbl say the sponge is covered with a miniature colonnade, 

irtioso ceiling is the outer division of the envelope, the piUars 

Bthe liimdies of spicules, and the floor is tapestried by tha 

r division, which, about the pillars, hangs from the ceiUa^ 
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in lofty folds. The continuity of tlie out*r division of the 
velope is broken by numerous round or oval openings of various 
sizes, sometimes very large, whieh allow a free in^ess of the 
water to the space just beneath. These are the afferent ostiolea, 
through and into which a constant current of floating particles 
may be seen moving with considerable vivacity. Here and 
there, scattered at wide distances, fingex-Hke hollow proceinea 
from the outer division arise singly and at various anglf«. 
Each is terminated by a large aperture, the i-fferent oglide, 
from which a current of water and floating matter emergen witb 
more or less spasmodic irregularity. The smaller iudividiials, 
from half a line to half an inch in diamef«r, possess only one 
such osticie. and those an inch in diameter seldom have more 
than two or three like conduits ; but they are very large, some- 
times a quarter of an inch in length, and of the proportionn and 
taper of the human forefinger." Focussing lower shows the 
inner division pierced with more numerous opeoings, "smaUer, 
methodically arranged, and each one corresponding to, and 
overlying a hollow group of monads." These monadtt, or 
*' monad-cephaloids," are tlie chief object* to be considered. 
They are described as found in " deep spherical hollows," or 
" monad chambers," mere cavities without lining walla. The 
monads are stated to be " not cells but heads of a polycepfaalic 
individual," corresponding functionally to the tcntacnlalrd 
heads of polyps. Each monad chamber has a single small 
circular aperture, which perforates the inner investing membnuM 
and allows egress into the circulatory apartment. The aperttnc 
varies in size at times, and may be completely closed." The 
monads are arranged " radiatingly from and about the centre^" 
and the interior of the cavity appears filled by a collection of 
vibrating bodies, an effect arising from their ciliation. The 
convei^ng bodies are, we are told, soon recognised to be 
craapedote • flagellate monads, so closely packed together, side 
by side, as to form a continuous stratum." 

These monads Professor Clark finds very similar to those Iw 
found in Leucosilenia, and like those described hy Carter in 
Grardia compressa. Each one has a single flagellum or whip 
filament. " The body proper of a cephaloid is a little sbortvr 
than it is broad; on the whole spheroidal in shape. Its port*- 
rior end is broadly rounded, and so is its anterior extremity. Jn 
front rises a cylindrical membranous collar, which tapoH 
slightly and projects forward to a distance equal to consitlemMy 
more than twice the length of the body." The flugellom nw* 
from the anterior end of the body, and looks like a ol<Kh tltrtod. 

There are in the body of the monad two or three clear fpote 

* From the Oroek kraifptdoii^ nn edge or border. 
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contractile vesicleF, which make the systole t 
movemeDts very slowly. The Bpicula; are *'verjM 
curved, small-shaped hodies." From the 
poaitioo of the cilia of these monads Professor Clark considers 
tbst they only produce local currents, and that the general cir- 
nJation is maintained by the contraction and expansion of the 
tody ma^s in general. By consulting the figures in the plate 
ami the references thereta at the end of this article, the reader 
will understand the preceding descriptions, and know what to 
look for if such an organism falls in his way. _ 

Id "Annals Nat, Hist. 1859," vol. iii. p. U, Mr. Carter I 
JMcribes monociliated cells of spongillai, and he appends 
igatm of those belonging to S. plumoea and S. alia, the 
fmner having two ear-like points projecting forwards, and 
ikowing particles of indigo it had taken in. 

In another paper in the same volume Mr. Carter describes 
"(pherical bodies" in spongillas, and asks, "Are they each 
Ujinals of the spongilla, and analogous to the polypes of a 
jnlypidom ; or is this typical portion to be considered aa a 
dogle animal, and the spherical bodies as the digesting organs 
atiut«t in the cavities of the gelatinous mass, or a stomach 
■ith the branch canals as a vent ? " Kurtlier remarks appear 
to afaow an inclination to the former liew. 

Is vol. vi. p. 329, 1870, will be foimd another of Mr. H. J. 
Cvter's papers " On the Ultimate Structure of Marine Sponges," 
to which the following passage occurs : " AmpuUaceous sac is 
P tile term I applied to certain groups of unciliated and mono- 
I ciliated sponge cella, or monad-like bodies, which are tessellated 
t together in a globular form, and scattered plentifully here and 
' there throughout the sponge, so as to make up the greater part 
of its bulk. The globular form presents a circular opening, or 
tnnsparent area, through which the cilia may be observed to 
play internally ; aud when the young spongilla is grown from 
the feed-like body, and a solution of carmine is put into the 
water around it, the new globular bodies alone become coloiired. 
.... Hence the little globular bodies are clearly the animal 
ezprei^ioD of the sponge in particular, as they are respectively 
the only mouths and stomachs of tbe sponge— in short, the 
natritive apparatus, all the rest being subsidiary." He proceeds 
to *ay that when spongilla fed with carmine are torn to pieces, 
Uie " monad-like bodies," which he calls " sponge cells," of 
which the ampullaceous sac is composed, are foimd to have 
taken in the carmine, while the absence of the cilium in some 
and not in others may be explained, as just stated, by its being 
letnctile. 

Carter likewise states that he detected the " ampullaceous 
^Hu" in marine sponges, both siliceous and calcareous, and in -i 
Hkich of them it is the " eating organ." ■ 
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Mr. Carter refers in this paper to Profeseor Clarit's riew 
cspreased in 1 868, tliat " tite nionocUiated sponge cell is a du- 
tinct flagellated infusorium," not related to ibe rhizopoda ; and 
that a sponge i^ a colony of such infusorians ; and ho obeerveg 
that while he cannot altogether endon-e it, he did not then 
wish to dispute it. 

In a later paper ("Annals," Juljr 1871) be refers to this 
passage, and adds, " it is with great pleasure that I can now 
endorse them — that is, that I am now nMe to confirm all that 
I*rofeBsor James Clark has stated of the Sugellated sponge-cell 
in the valuahle memoir to which I have n-ferred," 

Examining specimens of Grantia co-uipressa he found that 
the " ear-like points," mentioned in a passage we have cited, 
noticed in spongilla were, ns Clark had suspected, right and 
left, profiles of the cylindrical collar described by him. 

Feeding Grantia conipreesa with indigo and then tearing it 
Id pietes, he foimd the collared monociliated cells more or 
lews tilled with indigo, and in entire vitality." 

Mr. Carter, iiji to the date of this paper, is disposed to repaid 
tlic sponge-cell as something stti geiierisyand neither an amsba 
nor a flagellate infusorian. He says, " So long as the collar of 
tlu! sponge-cell is present with the cilium, all particles of food 
may go in and out of the body through the collar ; but as every 
part of the sponge-ct-11 is polymorphic, it may put fortfl 
pseudopodia from one part in particular, or from any part of 
(he body, like amieba." 

Here then is plenty of work for microscoplsts, and it b 
hoped that students to whom these quei^tions are novriwQl 
find the preceding remarks smooth their way. 



EXPLANATION OF PLATE LXXXIV. 
l-'jo. 1. Portion of Spongilla itntcbnoidea in section x 30. n, tlie monad 
chamber. 

2. Interior of a mound cbamber x T60. 

3. Single nionad ns seen ia profile in monad cluunber. Two ooa- 

tritctile vtsicieB v i: Cjlindrictd collar c extended to the utnuKt 
« 1,600. 

4. Sectional \iow of monad chamber bringing tie uperture, AOd 

monnd on the same level into profile, sba\t'ing theif CMveigeaot 
towards central space x TSO. 
The above from Prof. Clark's paper, see " Monthly Uicroaeopul 
Journal," March, 1863. 

a. A, Sponge cell from Grantia compreua. 

B, ,, witb pseudupodia at fundus of cell. 

c, „ with collor tnuuTormed into pwudopodia. 
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VOLCANOES,* 

ONE bsrdl; expected tbst a book whicli £rat saw the Ugiit of publicatiun 
no less ihaa foitv-seven jeaia ago, should coiub to a new edilion, and 
that a fccond, just thiitj-aeven years aubse^^ueotl;. Yet eucIi ii 
The book before us 



H hardly a 
ra ago, yet il containa a Beries 
ettrlj twenty-four jiajfes. But 
hat we haTe j-nt to coasider it, 
that, H5 natiirallv follows from 



the present work of Mr. Poulett Scrope. 
newer one than that which appeared tea t 
of introductory remniks which extend over 
then it is as compared with the first edition 
and Msuredly it is a great improTement o- 
the great amount of work done since that period, and the vast number of 
(Ulliiiuakefl and rolcanic erupti'ffls which liaTd &ince occurred. In fact to 
Bodce folly so vast a work is simply an impoasibility, fur we have not space 
Inr A discussiou of CTeu the very simplest question whith it raises. Our 
ofanion most therefore be expressed generally as to the qualities of the 
book, and the nature of the views which it puts forward. First, we must 
give every credit to the author for the vast nature of hia researchea and the 
extent of his observalions, for he seems to have taken in nearly the whole 
world under his immediate observation. Secondly, liis work must be con- 
udered, no matter what its faults are, as unquestionably the ablest treatise 
extant in any language upon the subject But having mode these admissions, 
we mast find fault with the author for not having made any effort to ex- 
plore the chemisttj of this vast subject. Assuredly, if any scieuee is able 
to explun thoroughly the nature of volcanic action, and the constitution of 
itsproducts.it is chemical sdeuce; yet nowliere in Mr. Scrape's volumecan we 
find the slightest allusion to chemical work done in (he way of elucidating 
aoy of the problems of volcanic acienee. But if we leave this subject 
b«yond our consideration, we are bound to confess that the book is an ex- 
ceUent one — so good that it need hardly be better, It ia essentially a work 
iftaah everyone who considers himself a geologist must procuru and study, 
nd ^ will find in its nearly five hundred pages the history' nf every volcano 
wUcIi is known in the world, and of ererj earthquake which has occurnid 
HDOB hiatory beca.me anything exact. There is one point which deserves 

• "Volcanoes, the Character of their Phenomenon, &c. &c., with a 
ItHcriptive CataloKue of all known Volcanoes and Volcanic Formations." 
Ind e£t)OD. By Poulett Scrope. London : Ixingmima, 1ST2. 
TOL. II. — MO. SLIII. H 
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notice, mid wliicli Till perlinps oatornHh tliose |^d folk wbo tie plewcd to 
nnnnider the enrtb u ninss of liquid Sre wbidi has & alight cnut above it cm 
which we live. It is that Mr. Scrope does Dot share tliia view oT th« earth's 
oonstttution. lie myx ; " It is no doubt an attractire sensalional idea, that a 
molten interior to the globe underlies a thin superfidal crust, its Nirfuce 
instated hy tidal Wflves, and ftowitig freel; towards any issue that nur bnre 
and there be opened for it» outward escape ; but I do not think it can he 

Hiipporled b; reasoniag bn^ed on anj sscertuned facts or phenomena 

If, indeed, wo are to tbtioriB« at all on the hypotbtsis that the earth origi- 
nstrd from the condensation of a mass of nehuloui Tapour into on incao- 
dem'ent slate, it would «eem probable, as Mr. Hopkins has suggested, that 
mlidification would be^fin at the centre and advance toward the surface, and 
that odI; after a long continuance of this process a time msj have sniFed 
whtin the remaining liquid matter, being of inconsiderable thickness, the 
sur&ce also would begin to solidify by radiation of its heat intn Kpace; 
from which time the further solidiBcstion of the interior would proceed in 
two directions — outward bom the centrnl hardened nucleuti, and inward 
from the external crust." Thtre are many other points we should wiah to 
notice, but wo cannot. Wc must, therefore, conclude with our best thanks 
to the author for his intaluable book, and with advice to our rcadeis to 
juiigH it for themselves. 



LYELLS PRINCIPLES OF GEOLOGV.* 

THE great master who stands at the bead of all geologists, 'whether 
European or American, has giyen ns once again a revised edition of his 
iucoinltarable " Principles of Geology." It is with a feeling of surprise that «re 
look hack to the time when Lyell's "Geology" was first issued to the English 
public. We believe it was somewhere about they^ar 1838, now Chir^yean 
ago: and it is not without a feeling of pleasure that we witness how thn 
nian lins ip^wn, so to spenk, with the times, that he has modified his opinions 
na he had more light thrown in upon the subject, until he haa now, in his 
einveiifh edition, given us n work which for eicellpnce of artangBment, for 
lerseue^i of stylo, for hi-nuty of illustnttion, for comprehensiveneaa of detail, 
and fiir ffpneml accuracy of opinion, can find no equal in the publications oT 
the v^hole world. In this, the first volume of his "Principles," tjii 
('hnrics has seen lit to modify and recast some of the chapters which »^ 
peari'd in the former edition nearly five years ago. During the period wUch 
has >iiioe elapsed, much discussion hastaken place on thequcatioDSof ollsmto 
and ihn lemperalure (f the ocean. Carpenter's great discoveries — of which 
there is some account by their author in the present number of this jounud— 
Imvvgiven thegeologist many facts on the temperature and ahtipeof theocMa 
li^d, iini! hnre thown that some of the animals which he was wont to con- 
sider OK ex(-lii*ivu1y fomi are really livin;; still. The physicnl condition of 
l]w MrdiEerrnnean bits been well definiMJ by these dredging expluratlonii, MkI 



* " t'rinciptcs nf Geologv; or the Modei-n Channea of Ihe Knctli and its 
Iiilinbit.inl* cnniiidnrcHl as illustralive of Gealogy." Hv Sir Charles LWL 
lt«ii., M..\., F.lirS,, Utb edition, *oi. i. London : John Murray, 1802. 
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the geologist linB found itnecewary to modify tu aonie slight extent cer- 
teio of his former viewn. With these exce|iticiii8, the present work is the 
same aathp edition produced in 1SG7. Riitthereaderwbohnsnotgotthe tenth 
edition will find thnt this one contftios n liost of facta and iLrgiiments, which 
do not mnke any nppcarflnce in the earlier issues of this splendid treatise. 
Among the more important matlera peculiar to thla edition is Chapter xx., 
ia which the author discuseea Dr. Carpenter's opinions on the subject of 
ocean-temperature. In regard to Ihia point Sir Charles and Dr. Carpenter 
are at ia;iie respecting the currents of the Mediterranean. The lattar af- 
Cimed (we do not know that he still atfirnia) that there ia n constant cur- 
rent flowing nt the dqitb of 3S0 fntboms out of the Mediternmcnn. This Is 
denied hy Sir Charles Ljell, who calls in the subsequent resenrches of 
Captain Nnres, which seem to prove the correctness of his formerly eipreaaed 
opinions. In regard to Dr. Carpenter's researches in tbo North Atlantic, 
Sir Charles ia entirely with bim in the opinion that there nre two cur- 
rents, an upper warm one going towards the pole, and an under cold one 
below 32° Fahrenheit travelling towards the eq'iator. There are many 
otlier points of novelty in the volume which Sir Charles Lyell has just 
iaaned which we cannot touch upon, but we may conclude with a hearly 
expression of the delight with which we have read the most charming 
trenUse in existence upon general <^logj. 

^^L DARWIN'S "UIUGIN OF SPECIES."* ^^M 

^^^TF we had only time and space to give a proper notice of Mr. Darwin's ^l 

-■■ grant work,*we should do so with feelings of the most intense pleasure. 
For, even though this ia the sixth edition, it is nevertheless a new book ; 
inaamuch as the author has taken up the arguments of his several oppo- i 

nents, and, we* may f^rly say, baa reduced them to little more than mis- 
interpretations ; and, on the other band, ho has given a mass of new matter 
whi^ goes less'or more to bear out his views of natural selection being I 

the caUHO which bus produced the present variation in animals from some ' 

four or five types. We have not seen tho edition which precedes this, bo 
we are not certain whether its type differs from that of the first one, but at 
all events we may mention that, in its present form, it is in n much smaller 
and less agreeable type than formerly. In ninking this alteration, the 
MUthor, wo think, was led into a mistake. We shall just cite the mora 
important additions wbicb the present volume posseHses. It has taken up, 
for oiample, Mr. Mivart's chief objections, and, so far as we have seen, has 
answered ihem satisfactorily. Next it deals with Mr. Ilay Lankester's most 
plulosophic essay on morphology. Reasons are given for dishelieving in 
ineat and sudden modifications. The author confirms his stalemeut upon ■ 

ihe habila of the young cuckoo. Ho has the disciL^on on aualogioal ^^^H 

* " The Origin of Species bv means of Natural Selection : or the Preseiwr ^^^^| 

Ttt ion of Favoured Races in tlie Struggle for Liff." By Cbarlea Darwin, ^^^^| 

^^KA., F.It'S. Otb edition. London: .Tohn Murmv, 1872, ^^^H 
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resemblances enlarged and somewhat modified. Tie corrects liii< reta&rlu o 
Berial horoologiee, &c. &e. In fact, as wo have said, the nuthor htu n 
written the volume, and in doing' so he has not neglected to take up oil the 
various ATgumente that have beea urged agaiiist him. lie shows, too, thiit 
his supporters are vastlj greater than the; were, and that thej graduallj 
increase. His book has an American edition, and ha;^ been tnmslftted i: 
Qermm, French, Italian, EuBsisn (three editions), Dutch, and Swedish. 
He may well be proud of the fact, but be camiot feel as great a pride : 
his EngliEh followers feel in himj for tbej admire bis calm pfailMojihy, 
and the; rejoice in the fact that the author of the most philosophic bo^ of ' 
the century is an Englishman. 
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SUPPLEMENT TO WATTS' DICTIONABY.' 

A BOOK which is raerelj a supplement to a regular dictii 
which contains no leas than 1136 pages of ver; email tjpe, U, It miiit 
be confessed, rather a tough piece of work for the reviewer. Of conrai: 
we give the most sketchy notice of such a work, but we cannot help won- 
dering at the vast labour of the editor and hia colleagues. The present 
volume brings the record down to 1S60, but it includes al») several addi- 
tions to and corrections of former results which have appeared in 1870 
andlS71. Thus this volume cotnpletes perhaps the most valuable escjr- 
cloptedic publication which the literature of any country possesses. Beside* 
the editor's writing, there are various contributions on Electricity.— Heat, 
by Mr. G. C. Fostar, B.A., F.R.S. ; on Proteids, by Dr. Michael Foster ; on 
Beer and the Metallurgy of Iron, by Dr. B. II. Paul ; on Light and Spectral 
Analysis, by H. E. Roscoe, Ph.D., F,R.S, ; and on Acetic Ether {in pan), 
the Butyl Alcohols, Butyric Acid (in part), Ethyl and the Eeiones, 1^ 
Mr, J. A. Wanklyn, Among a great number of articles, those which strike 
us as most worthy of notice are those on Atomicity and Chemiul Action; 
but all are well done and all are of importance. E^ecially so is a paper oa 
the Aromatic series, in which some of Kekul^'s remarkable viewi aro in- 
troduced ; and that on Electricity, iu which are given some good UluatraiiQBB 
of Thomson's galraaometer. All through the book is of admitable quality, 
and we congratulate the editor on its issue to the publii 



OUR NATIVE SINGINa-BIRDS.t 

lust be confessed that our literature on tide 
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title of the book before us involves. We mean that, for a work dealing 

• " A Dictionary ofChemistry and the Allied Branches of other SciencM." 
By Henry Watts,'B..\., F.K.8., F.C.S, ; assisted by eminent contributors. 
Supplement ; Longmans, 1872. 

f "British Song-Birds;" a Practical Treatise on their Babita, Nidification 
and Incubation ; tlie Mode of Rearing Young Birds, and their Treatment 
in Sickness and in Health. By Joseph Naah. London : W. Tegg, 1879, 



with the habits, mode of culture, nnd feeding of our Brituh song-birds, and 
contsining just those hints on manHgtment which one who is thoroughly 
ejtperienced can giye so well, there ia undoubtedly b. want in the English 
lang-uage. We certainly think that Mr. 'Sash, tbe author of the little book 
now before us, baa met tbia want rery well, and has fairly put before tbe 
public just those practical facts wbicb, in our opinion, were absent from 
the cheaper worka on tbo subject. Id the volume u^on our table the 
author has put into rather less than ICO pagea all those practical facts re- 
lating to our singiug-birds which are so e^>ential to those engaged in 
rearing tbe young ones, and which it U^o often happens that amateur bird- 
fanciers are wholly ignorant of. lie hns given, too, about fourteen coloured 
illuBtratioQs of tbe birds, which are in most instances very well executed 
indeed. Thus, from a practical point of view, tbe little work is everything 
that can be desired. If we were to ezamiae it from a scientific stand-point, 
of course we should give many examples of erroneous matter j but the 
kuthor so distinctly explains tbe nature of his writing, and from his staod- 
point it ia so fairly done, that we have iiothing but good words to utter of 
his labours. 



AKTI- DARW INISM. * 



WE wonder whether the anti-Darwiciats ever think of cnnsultinR tho 
various works which they, as a hi dj ba written ; for we are sure 
that if they did, and were solely nsp red b the notion of repelling Dar- 
winian doctrines, they would pau. e h ga e another volume to the 
world. These gentlemen, one or t^^ i p ed have attacked Mr. Darwin 
in erety possible manner, with ev a able form of eipreswon which 

is not legally libellous. Yet these b k ha e so much in common, i.e. eo 
much ignorance of the Darwinian d rm , and of be evidence that supports 
them, that we think it a pity that each writer did not previously read 
what bis own side have scud on tbe subject. What is most manifest to an 
impartial reader of these hooks ia, the tremendous ignorance of the wrttets 
of everything connected with the very seriously dilGcult questions involved 
in a true discussion of tbe subject. Generally speaking, they are written 
by men who have no knowledge of Natural Science whatever, and who 
have never written — unless, indeed, in itie controversial tract field — upon 
nnysubject whatever. It is very meluncliDlr that such essays should find 
any readers, but we fear that each of them makai its way among hundreds 
of people who have faintly heard uf the disturbance to their relifpon caused 
by Mr. Darwin's writings, and who tbeTefare look on a book written by the 
Local Bchootm aster, or some other nmbitiotis member of their aociety, aa 
something which sets their minds perfectly and for ever at rest. 

Now. Lord Ormathwaite is, of course, superior to the class to which we 
bare referred, and his essay is therefore equally above the absurd publi- 
catiooe which that class invariably produces. In all his pages we tiod the 
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lan^^uflge tuid stvle of a gentleman who feels the impartuiee nf hb subjtct, 
and is deteTmincd to ^ve full odmisiiini to the skill and knowtrd;^ of h'a 
nppoDent. But Imving mnde thia admusioo, we mnst confeea that it is not 
s wurk wliicU cnn afiuct Mr. Darwin other than lo afford him a gooil- 
natureil amile at the ^utl' BbaUoivnesa uf hie adversarj. We Aa not 
niosD to iuainuate that Lord Urmnthwaite may not be well vereed la otLer 
subjiH-'ta, hut uuhappilj in all that relates to geology and biolog'j be U meet 
deplomhly igoomiit. Hcuce ne d<i not find that in a single insluice be llM 
really altempud lo upwt Mr. Darwiu'a views. lU opposos Uitm, oTcoune, 
but there is not a single ptjre of b is volume in which he att«uipi5 ierion»h 
to diaprove Mr. Darwin's ideas. "We do not say llial lie adniilx tliein. fin 
he ohjuclslo them aa forcibly as hv can ; but what we do say Is ibis, tliat thee 
IB not a single argument which he tises liiat Mr. Darwiu could doI ivsdilf 
expoae the fallacy of if be wished. A ringle sentencij or so, npoduced 
from tlie volume, will ahow how ignorant of Natural Science is the author, 
and will «paie ua the trouble of dealing further witli hia work, and oai 
geologic reodurs of purcbaHog it, Alluding to Mr. Darwin, hn eayv, p. 73: 
"He Epealis of millions of years, and in his diagram he reprasonts 10,0(10 
or \AflOO gcnoratjons ; but the fj-irftny leorld, of whicA tiUicr from hufwy vr 
tradilioH ice have any kiiotoMge it eompriitd ivithiii tit tnant 4,000 yeon. 
.... The whole number of existing generaiitna of man of whom we caii 
have Ihu faintest knowledge have existi-d, is 120. It is quite evident, then- 
fore, that jMr. Darwin assumes aa the ba«ia of his argument periods of lim* 
ptmly imaginary ; he can have no i!iadoiriifprou/ that the world hdBexiated 
for 14,000 gtaerations, or 470,000 years." 

This is euough to ^liow the nuige of knowledge from which the nuiluw 
aueks to prove bin coai-, and of co ur«e it at once excludes bis opiniotis tnm 
the consideration of geologists. The book b altogether ralhor well writlen. 
and shows uo display of bad taste wbntever. 



A TKEATISE ON INTESTINAL WORMS.* 

rniJOUQH this ia atrictly a medical work, it is also a scientific one, for 
J- assuredly nothing is more scientific lonhigically than the puiauit of 
knowledge in the case of the Entosua, But I>r. Cobbuld, who is at itactt Hut 
most akilled and celebrated English helmtnthologist, has, in the work now 
before us, united his scientific knowledge par eJcUnmt lo the patiauce and 
care of the physician, in endeavouring to pursue his studies practically on 
the patient. Id a word, then, tbe vulume which li« has now written b ■ 
practical and scientific one. It is essentially a book which the phy^dan 
must read if lie desires to be mi fait of the practice of ihose who know moal 
of the auhject, and it is furthermore a book from which the general r«*det 
may add materially to bb knowledge of tbe babita and distribution of thoK 
various forms of "worms " which attack the liumau system. Dr. Cobbold'* 

" " Worms ; a Series of Lectures on Practical IleliniDthology, deliTeNd 
at the Middlesex Ilospital." By T. Spencer Cobbold, M.D.,F.R.B. London: 
J. Had A. Churchill, 1^72. 



i 



B8VISW& 183^ 

book extcnilB over more than 1-50 pages, and it contnins lliu full reporta of 
no less than eig1it;-aiie cneea \rliich bavti coma uuder tbe nutlior's care, 
most of which he has dlGcliarged cured, and all of which he has rerr fully 
reported. The book is divided into iwt^nty chapters, which correspond to 
BO lUMiy lectoree delivered before the students of Middleeex Hospital ; and 
it deaU with all forms of Eutozon, and Avith a curious case of Bots which 
came under the author'a notice. The most teuiarkoble and interesting 
chapter in the book is the last, which deecrihes minutely a case of J!ilhar»n 
which was under Br. Cobhold's immediate care for several weeks. Al- 
together the work is nigst interesting and instructive, and la a very useful 
addition to our medical literature. 



A NEW STAR-ATLAS,* 

e wrindor how it is that Mr. 

is Seci'etary to the Astrono- 
nical Society, whicb of itself alone should take up much of his time. In 
addition he is a contributor nearly every month to some one oi other of our 
scientific maf^zines ; and further, we iind liim bringing out some new book or 
other within almost every quarter. Il ia certainly natonisbin;; labour, and 
iJ] tbe more that the work is uuqueationably well done. Before us is his latest 
effort in a literary and scientific direction. It is an excellent Star-Atlas 
wbich is small enough to fit easily in anyone's coat pocket, and whicb is 
■mailer than the atlas of the Society for Diffusing Useful Knuwledge, and 
yet bae larger maps. This seeming anomaly is explaiued by the fact that 
the maximum expansion of the S. D. U. S. maps, owing to their distortion, 
ia no loss than fifty-eight times greater than in Mr. Proctor's atlas. Besides, 
eocb of the present twelve maps includes a tenth part of the heavens. Of 
the general plan of the maps the author's prefatory remarks give a clear 
account: — "Tbe meridians and parallels are drawn in to every fifteenth, 
inat«ad of every fifth degree [as usurd] ; but since all the intersections of 
these lines to every fifth degree are marked in the maps, the places of stars 
can be determined, from catalogues or tbe like, as readily as though the 
lines themselves were marked in. In like manner all the latitude and 
longitude lines, except tbe ecliptic a7id the solstitial coluros, are omitted : 
but then intersections to every fifteenth degree nre marked, and any student 
who is sufficiently advanced to requite thes« lines will be able to recognise 
very readily where they lie, or as to pencil them in if need be. , . Tbe 

method of indicating the effect of precession is also novel. Instead of a 
procesMon-triangle in thecomerof each map, with instructions for obtwning 
compass measurements, I have placed piecvssion arrows over the maps 
[always on latitude parallels 15°, S0°, etc.] ; and these show at ooce by what 
amount stars in the oeigbbourbood are precessionally displaced in one 
hundred years." Further Mr. Proctor points out the advisability of the 

• " A New Star-.^tlas for the Library, the School, and the Observatory, 
b Twelve Circular Maps ; intended as a companion to Webb's Celestial 
OlgectB for Common 'r eleacopw, &C." By B. A. Proctor, B.A., F.R.AA 
~*^'"n: Longmans, J" 



student pmcuricg Webb's " Cekstinl Objects," which it pubUiied by Mr. 
UardwiBke, as the best companion to the present work. Of course ihetB 
ore aonie few stars in Mr. Webb's buok not tigurin^ here ; but then seed 
b« DO diHicultv about this, as Mr. 'Webb pres in evetr case tbe nght stcen- 
sion and dedination. We quite approTe of Mr. rtoctor'a plan of omittinti 
the barbarous constellation figures ; it b the first step towards getting rid of 
them altogether, which we hope will soon follow. His iustructjona to 
beginners are ample, clear, and la tbe point, and we do not see why od; 
boy of intelligence might not with the asaislance of this bIIm make lit 
acquaintance of the bearens in a single winter. The maps, which an tmlit 
in number, itve admirably clear, and all contain etais as low aa under the 
sixth magnitude. We approve, too, of the fact that encb map ccntaina a table 
of expluDDtioD of the abbrevistiotis'; for though they are identical on etch, 
it would hnve been extremely awkward to hare lo refer back from tie 
third or fourth map to tbe first, hod the other plan been fbllowed. Iti. 
Ihoctor hits some aroueinR remiwks about literary authors' fgnonnee of 
natronomv, Bicheos appearing as an example ; whilst be declatea tiut 
" Tennyson is singularly sccuraie in nil nalronomical details." Inconclunon, 
we can only tbRiiU the author for a very good book, and wish it the tixeeett 
it 80 thoroughly merits. 



AN INDEX OF SrECTRA.* 



WE cannot predict Ibht the BultoT of this work will be rewarded com- 
mercially for the labour he has undertaken ; but moat certainly be 
deserves the hearty thanks nf seieutitic Bpectroecopists for the arduous taak 
he has so well disehorged, in making Eome effort to render the laboura o( 
those who are engaged in working with the spectroscope, somelhing mow 
systematic than they have been of late. Anyone who knows anything of 
this very difficult, and we may almost say novel method of research. Is 
aware of tbe inconvenience arising from the emploj'ment of different scales 
in the mapping of fpectra. Now the object of the author is to tender 
spectroBcnpic research simple by collecting all existing measurements of the 
spectra of ihe elements, and presenting them on a uniform scale of wave- 
lengths. This scnle, which is adapted to the measurements obtuned from 
veiy large spectroi-copes, is also as suitable for an instrument which ha^ but 
a single prism, We hope, iherefcire, with l^rofe^sor Hoscoe, that this index 
of Dr. Watts mny lead eventually to the adoption of an uniform scale, 
t^ome excellent plates accompany tbe volume. These give the speclm 
of tixty-oae of the elements known to chemists ; the first plate is devoted 
to coloured double spectra of carbon, sulphur, and nitrogen ; those at tba 
end of the work give tbe spectrum of each element, on Bunsen's plan, vi*. 
the intensity of each bright tine being represented by the height of the line 
which correaponds to it, Altogetler tbe book is a careful and well-done 
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• '• Index of Spectra." By W. MimhalJ Watts, U.Sc. Senior Physical 
Sdence Master in the Mancbestei Grammar School. With a Pra figtf "' 
H. E. Ecscoe, B.A,, F.R.S. London: Gillmnn, 1373. 
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HESSRS. LOXCiMAN'S TEXT-BOOKS: ARITHMETIC AND 
MENSURATION.* 
|>I,L M^mnt. Longmnn's seriea of lejct-booka nre excellent, and the prewnt 
.e 'u> by DO m«an9 bd e:c»ptioii lo tliia good rule. It ia, if anytbing, 
ntlier better than some of the others in the one respect of style. It is 
remitrlfably clear and to tlie point, while in some respects it resemblea 
Bishop Colenso's ^cientiSc vorks, in thnt no intermcdinte etage is left out. 
Of courae it ia not einiply ao ordinary book on arithmetic. The mere 
elementary matter is much of it omittei!. Nerertbele^s it is a work which. 
the schoolboy can readily understand, and one which we ehouid think ho 
woiild be improved by, and at the aama time which he would like, from 
the earnest simplicity of its style. The particulars of the work are as 
followf : The first is the division of fractions into two marked periods, the 
rule of greatest common measure being placed in the latter diTbion. The 
t««ond is the "finding the cube-root by substitution in a simple and easjly- 
remembered fonnula, in preference to giving tlie rule for extracting the 
toot, a rule which can hardly be understood or remembered by any person 
unaciiuninted with algebra." The third portiiin consists in the introduction 
of a chapter on mechanical work. This the author considers somewhat a 
bold step on his part, but he thinks it "by no means out of the way in a 
book which ie to be read, as the present one is, by mechanics. For our- 
t^ltes, we deem it a capital deviation from the ordinary plan, and we think 
■be author is to l>e pniised for hia departure from existing ways. The 
tmtise on niensuralion is a good one, and the examination-papers will be 
lound useful by the student. 



SPECTRUM AXALYSiat 



ASSUREDLY scientific men did not require such a volume as that which 
DOW lie* upon our table. What with Roscoe's work in English, and 
the Tarious foreign contributions to the science of spctroscopy which are 
extant, they had more than enough of works uf reference. Yet is the 
preaeni au admirable essay, and one whicli it would have Ijeea discreditable 
to our popular taste to have left untranslated, It is not essentially a 
•dentific book — & work of reference for the worker at the spectroscope — but 
it ia in the highest degree a book which will do much to popularise the 
pursuit of spectroscopy. For ii is remarkably clear and intelligible, and 
it incliidea #0 much genera! information iu connection with the subject, 
that we do not see why it may not be easily read, and read with profit, by any 

" " Technical Arithmetic and Mensiwalion.'' By Charles W. Merrifield, 
F.R.S.. I'rincipal of the Royal School of Naval Architecture. London: 
Longmaiu, l^ii. 

f " Spectrum Analysis in its Application to Terrestrial Substances, and 

the Phvsiea! Constitution of the Heavecily Bodies Familiarly Explained." 

Bjnr.'ll. Seheller, of Cologne. Translated from the Second Edition by 

'-~i and Caroline Lafsell. Edited, with notes, by William Hugging 

"., F.R.S. London: Longmans, 18 "2. 
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ordiuarii; inlclli^at p«reon oatsde Uie lioinun of Gcience- ftcnce, wt 
think, tbo two tnuislBtora nre to be tiianked for hsTinjf perforared ma cx> 
cecdinglj arduous task witL remftrkable bIcUI ; aod our iiralituda ia Also div 
t« ilr, Iluggitu, for baring helped them witli his good adviM and wtili 
BUggeEtioua 09 to tlie introduction of aeveral papi^rs whioli gire an tnenaaed 
value to the work. It b a book which, for the gentrBl leadef, deala wilh 
apectioscop; in all its various applications, and with the aeTeral i|UjMiixi> 
in aatroDomy and geueral phjsics which have relation lo it. Thus we God 
that the editors have introduced papers by Mr. Stuney ou the cauce of tbt 
interrupted spectra of gases, aod by Profcsaor Young on tbo linm in Ihi 
spectrum of the cbronioephere, and that they Lavi^ reprodru^d AngstriiiD't 
maps of tbe Eolar spectrum, some of Mr. liruther'a photographa of Ibe 
corona,and certain of the solar proiniDencesfladeirictcd by Prof ei«or ficspghl 
Thiis we have everything that bears on tbe subject brought togeibat tub) 
one handsoinu roluuie, which is ab^lutely one mass of iUiistmtionn, exdi^ 
NTS of the scvcml admirable pago plates which illustrate the volume. And, 
whils wo are on this part of the subject, we do not think that too high 
praise con be awarded to tbe artist who produced tbe cxquisiti^ plate of tlte 
»otai pTominencRs observed by Itespighi in 1670. Tbew are undeniably tlw 
most artistic plates which wa have seen upon the subject, and groat cmdil 
ifi duo to tbeir artist. But, beeides these, a nuuiber of other exoelleni 
plates are spread throughout the volume; those of tbe total eclipom </ 
Auj^ust 18U8 and August IStJQ, and of Angstrom's map of the eoIbt qiec- 
trutn, being especially to he corameoded. 

We think it was Tviie of Mr. Iluggins to exprecs his disaent (torn many of 
the vinws biid down by the uutbar; fur we fear that, in nut a few caaee, 
he will bo found of a dilTerent opinion from the great muse of the leaden 
an the Hubjeot Mr. Ilugg^ns especially differs irom ihe author in his views 
on "the influence of temperature and deoaty on tbo spectra of gnaeis" 
and be expresses bis regret that the author in his plates should bare n- 
Totsed the spectra from the position usually given them. Siill be speaks 
well of tbe book as a popular treati^ and as such we essentially conaidn 
it. In this respect it U an admirnble and extensive work, well iUusiratad 
and translated ; and, being intended for the general public, it enters into a 
number of couneeled eleioBnturj questions which would not be found 
elsewhere. AVe recommend it as a capital volume far those who deaire lo 
know something abnut a science as vast as it is novel. 



anOBT NOTICES. 

A Monuj/rnph '•fthe British OrapCuiitttUe, byH. AUeyne NicboUon, MJ)., 
I'rofeaiior of Natural History in University College, ToMnto. Blatjcvrood 
and Sons, 1872, — This mouograpli wuhave just received. It seenu a nuMt 
valuable essay upon a group which is too little studied. PnifL Nidiolae^ 
bowevcr, has with Mr. Carruthers and Mi. Charles Lapwortb, Mr> JdlO 
Uopldnaon, and Mr. W. Ilellier Baily, done much to explore the gnHqk 
In tllia work, which covers nearly 1.50 pages, and has nearly 100 iUuatm- 



tioDB, he does much to unriLVel [he ditUcullias which this cIass presenU, and 
he furniahes an admirable nocount of the series upon which ha means to 
e his researches. 



IlinU mid Fatti on the Oriyin uf Man and of his Intellectual FaaiUia, by 
Pius Melia, D.D. London : Jjingiimns.— This Utile book— less than 100 
pages — is the otTshoot of a fearful amouot of igudnmce and self-couceit. 
There is noUung in it worthy of a moment's notice from the scientilic num. 
It L9 full of tvpi^ntphicttl emvrs, especially in names, which shows the 
author to be ignorant of the worlis referred to. Thus, we hew occasionally 
of Lemarck, a naturaliaL Who in lie — will anyone tell us ? 

J^actical Phj/muliigy ; being a SL^bool Manual of Health, for the use of 
Classes and General Heading, by Edwin Lankestec,. M.D., F.R.S.; 6th 
editian. London : Ilardwicke, 187:3. — In this new edition of his work Dr. 
Lankester has somewhat modified the title, making it more physiological 
than it was before. \Vb think the chango is a wise one, for the book is 
cMenlially a popular manual of physiology. Ho far as we have seen, the 
work is a good one. Of course it only touches on functions of life in the 
most general manner possible, but then its style in peculiarly happy, and 
is Calculated to lead out! on from page to -page from the interest it creates. 
Besides the text, there are s number of pletes which are new to this edition, 
and which contain fifty capital drawings illustrative of physiological facts ; 
aod thera are also a number of questions upon each chapter, which appear 
to us dear and well arranged. Tlie clossLfication of the animal kingdom, 
with which the work coaclades, contains Bome typographical errors which 
it u a pity were not seen before iho sheets went to press. Otherwise, the 
work is a good one, and calculated to serve the ends in^vicw. 

A Sj/iumoinic Cataloffue of Vie DUiniiil Lepidopfera, by W. F. Kirby. 
Loudon ; Von Voorst, 1871. — We regret tbnt owing to pressure on our apaoa 
we were obliged to omit a notice of this work from our Inst number. It is 
a nuurellous essay, covering nearly 700 pages of print. It is, of course, a 
spt-cial work in which few of our readers will be interested, but it is essen- 
tially a treatise which must be regarded as an authority on that branch 
of the butterfly order on which it treats. It may give the uninitiated some 
glimpse of the Tostness of tbe subject of zoology, when Ihey see a large 
book like the present one, filled with little more tbait the names of species 
of a branch of a particular otder of tbe cLiss of iwiCctB. The index alone 
covers more than thirty pages of BUiall type. Tbo names of the genus and 
•pedes are first given, then reference is made by page, &c., to the book re- 
ferred to. and then follows the country in vhiub it has been observed. It 
is to the entomologist a most invaluable work, and one wiiieh must have 
cost Sir. Kirby many ycarij' cometit labour. 

Jiemarln on Wo Prevaituig Epidank of SmaU-pox : its Care and FrevtR- 
tion, 4'c. London ; Longmans.— This pamphlet bears no date on tbe title- 
page, but from the date of the preface we take it to have been written 
last year. It is an anonymous and able essay on tbe general sanitary con- 
dition of society and the remedies which oSer themselves. It will be read 
with ftdvautsge by all who are in any way connected with public sanitary 
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IVmcipal Econoirn'c ProdiieU /riiin the I'rgetabt* Kitu/doiit. Lonion : 
Hanlwicke, 1§7'J, — Here we h«ve « clussifi cation whicli rosy be luerul » 
either the atudenl at botany or to bim who is workiDg at " Mateiik Medio," 
In R tJitee-fold table we have first the nntural order, then second tUe MOiift- 
mic product and Dame of plant, and thirdly, the port? of the plant used, li 
is B small puuphlet, but it seems, in most cases, well done. 

DarimHian Pamphiett of Wright, Hunter, Cope, rmd Mleart. — ^A series ot 
these we have collected, and we think it well to name them for OUT xeftdcw, 
but we cannot possibly notice them. They are really clever eawy^ «rilt«i 
by men who clearly comprehend lAo nature ot the subject they are writing 
upon, (tnd having in them nothing that is not worthy of being read. TTf 
at one time thought of noticing them, but we soon found the space at our 
diiposal was infinitely too brief, so we are compelled lu urge our lesdenlo 
get them for themselves (the expense is a mere nothing-), and past tbdr 
judgment upon them. They are in the order of their publication, nsfollom; 
'' Darwinism : being an Examination of Mr. St. Oeor;re Mivart'a ' GenMi* of 
Species,' " by Chauncey Wright, Esq, London : John Murray. " A He- 
view of Darwin's Theoijof the Origin and Development of Man," by Janes 
Hunter, M.D. New York : Appletou & Co. " On the Method of Croaiion 
of Organic Types," by; Edward D. Cope, A.M. Philadelphia: M'CalU£ 
StaTely. " Evolution and its Consequences," by St. George Mivan, F.B.S. 
From the "Contemporary Review " for January, 1S79. This, Mr. Mivatt'* 
last essay, we regret, as it develops a quarrel between himself and Profeawr 
HusJey; but it is, as asserted by those who thijik with Mr. Mivart, t 
justifiable reply to Professor Iluiley'a attack. It deals witb religiow 
questions almost excImTely. 

Bt/mni of Modern Man, by Thomas H. Noyes, Jun., B..A. liooAon: 
Longmans, 1872. — This is a book quite out of our line. Still it has same 
bearing on science, so we may notice it The " Philosopher's Stone " ii 
rather forcible : the other pieces are not so. We take the following from 
a notice which accompanied the book. " The opening hymn, entitled ' Tbi 
Philosopher's Stone,' distinguishes between Theolo^ and Religion, whlcli 
it attempts to dc&oe, and shows that sound philosophy, which takes cc^i- 
zance of the conditii>ns of human happiness and of the Divine laws of 
creation, sanctions the view that the performance of those loving duttes 
towards OUT fellotv-men, by which Christ taught us to prove our love to tm 
common Fiitkor in heaven, is the only religion which is worth its salt, and 
commends itself to reason." 

Chemical Nolm for the Lecture-room, Chemutiy of the NoH-Mttallif £lf 
mente, by Thomas Wood, Ph.D., F.C S. 3rd edition. London r Long- 
mans, 1671. — From the fact of this being the third edition, we are led to 
suppose that the work must have bad a considerable success. Yet it b a 
book essentially adapted for jumor students alone. It has been conmd«r- 
ably improved in its present form, and but for the peculiarity of tli« atyl* 
irould doubtless be n very good book for the beginner in chemical Kicnoe^ 
What we object to, is the panicularly looie fashion in which it Is writt«n [ 
for eiample, take the description of the blowpipe, which is uuBccompaiu«d 
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by ft woodeut The author ni)-s, '' The blowpipe is a tube bent at right 
kDgle«, and drawn to a point at odb end. Through the fine opening of the 
ppe, BIT is forced by Iba mouth or bellows while the pipe ia in the centre 
of the flame." Now we should like to know what idea a student would 
gftther from such on aecouut ? We iilao obeerre that the author is fond of 
'* popular " descriptioa*, which, as in the case of hnira, which he says, " are 
tubes," are generally incorrect. The want of illustratlona is an obvious 
defect in n book like the present, intended exclusively for the young. Sti 11 
we must not be too severe, for the book is, on the whole, a ^ood one. 

jVetr Theory of the Figure iif the Earth, amstdervd as a Solid of Revolntioa ; 
foonded on tbe direct employment of the centrifiignl force, instead of lie 
common principles of attraction and rariabEe density, by W. Ogilby, M.A., 
F.G.S. London: Longmans, 1872.^ — Headers must really judge for them- 
selves of the 'Tslue of auch a work as the present. For ourselTCS, we 
prefer to conceal our opinion <if the bock, aa it would not be complimentary 
lo the author were we to express really what we think about it. Mr. 
Ogilby says, that " the principles of the method here proposed for treating 
the problem of the figure of the earth are extremely simple. I make no 
hypothesis of any description, nor require any other data than those which 
are furnished by observation and experience. Starting from the admitted 
phenomenon that the earth is a heterogeaeoua solid whose mean density, 
magnitude, and periodic rotation are known quantities, I thence proceed to 
examine the action of the centrifugal force in producing its present figure, 
determiiiing the law of gravity at its surfAce, the variation of curvature, 
the length of tbe terrestrial axis, and the change of local ellipticity at every 
point on the surface ; with other phenomena relating to its present and 
original structure and condition. This raod« of treatment furnishes definite 
results without doctoring the process either by the introduction of eztem- 
pciriaed nwumptions, or the rejection of unmanageable quantities." 

IteporU on ObKrvation» of l/ui Total Solar EcUpte of December 22, 1870, 
conducted under tbe direction of Rear-Admiral & F. I^ands, U.S.N. Wash- 
ioglon Government Printing Otfice, 1871. ^Of very different material to the 
above-mentioned volume is the able series of essays contained in the work 
now under notice. It is the combined series of reports of the different 
American astronomers who witnessed tbe eclipse of Itecember 1870. first 
ii the report of the editor of the volume ; then those of Professor Simon 
Newcomb, on observations at Gibraltar ; of Professor Asaph Hall, of Pro- 
fewor William Harkness, and of Professor .1. T. B. Eastman, of their several 
observadona at Syracuse, in Sicily. The volume b accompanied by a coupl* 
of excellent coloured plates of the solar eclipse ; one by Captain Tupman, 
of tbe entire phase of the eclipse, and the second by Professor J. R. East- 
man, of the corona and protuberances on the western limb of the sun, 
near the end of tbe total phase of tbe same eclipse. These accounts are 
all capital and very full, some being possessed of details absent from 
the others, some have descriptions of the minute details of the spectrum 
esanUDation, others having to do more with the meterology of the obser- 
vations. All are most exact and comprehensive, and tmd entitr, they form 
a volume which no modem astronomer should be without. 
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Elementarij TnaOtr oil Natural Pkihtophj, by A. I'rivnt Dewhanel. 
Trtnalated nnd edited by J. D. Everett, M.A.. D.C.L.. P.B.S.E., ProfMor 
of Natural Philosophy in Quem"a College, BelfiwI. Part IH. Electricity 
AOd Msgnetispi. London: lilflcliie & Son, 1872.— .Assuredly tiia is ib^ 
best of the throe volumes which Professor Everett bw edited and tiwislnted. 
It ia BO for the simple refuon that the editor bus tftken great pnim to make 
it n different work from the Frencb edition. It is certdn that our English 
electricians are far before their continental brethren in their knowl^ge of 
the branch of Natural FhiJosopby n-hich is included in the present volumis i 
Hence, of course, it was essential for the editor to introduce inta a work i 
intended for Eng^liab readers nil those results which hnrc been bo promi- ] 
Dently brought before English m«n of science by the researches of Fnradayi 
and still later of Sit William Thomson. In laying these before the render, 
the editor has been at considerable troable, for he has written no lesi ihnn 
two entirely new chapters, and h e hns entirely remodelled all those parta af 
the original text whieh in his opinion required it The elements of the 
theory of magnetism, which form a part of this rolume, bare been specially 
prepued from the several papers of Sir W. Thomson in the " FhUoeopbinI 
Trane«ctions." Thus we find, on the whole, an excellent volume, embody- 
ing' the latest results in science in a clear style, and with no less tbaa SuO j 
capital illustrations. We must say that we are well pleased with tlua tlii' 1 
third volume of an excellent trentise. I 

Sudimrntary Ma^nrtitn, being a Concise Eiposition of the GBneral Prin- 
ciples of Magnetical Science, by Sir Snow HarriB, F.R.S. 2nd edition, Irf 
H. M. Noad, Ph.D., F.R-S. London : Lockwood, 1873.— This is a miui 
improved edition of an old and well-lmown manual, we tbink in Weals'* 
Series. The present edition containa matter relating' to I^aday's rceewebM 
and the inquiries of the Astronomer RoyaL It seems well put together, 
and appears to be a very gi>od book indeed. 

The Bightr MinUlri) of Nature vietee^ in Ike Light of Modem Srimet, kc-, 
&c., by John R. Leifchild, A.M. London : Hoddor & Stoughton.— This is a 
book which strives to come between the followers of Mr. Darwin and Mr. 
Spencer's doctrines on the one hand, and the extreme religionists on the 
other. It is, however, much nearer the latter than the former. The anther 
does not appear to have a thorough underatandiug of Darwinian doctriuM, 
and hence be cannot argue against tbem with any force. HoweTer, we 
shall take him iip more fully in our next number. For the present we 
leave bim, with an unfavourable opinion of his ability as a reasoner. 
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AKSIVERSARY Meeting of the Botfal Attronomical Society.— At this 
meetinfr. wiiich took pluce on February 0, the gold medal of the Society 
was nwarded to Professor Schiaparelli, for his researches into the coonoction 
9ubei£tiiig between meteors and comets. In our aummaries during the past 
four or lire yenrs, the details of Sehiaparelli's researches, as they have been 
eeverally announced, have been fully discussed. At the same meeting the 
following officers were elected for the ensuing twelve months : President, 
Professor Cavley ; Vice-Presidents, Profeaaor Adam«, Drs. De Ln Rue and 
Hoggins, and Mr. Lasselt ; Treasurer, Mr. Whitbread ; Secretaries, Messrs. 
DuukiD and Proctor; Foreign Secretary, Lieut, -Colonel Strange. 

7^ Ei-Iipiie of DKemher 19, 1871. — The observations made during the 
cctipse of last December were, on the whole, remnrkably successful. The 
Australian observers had bad weather, and one of the observing parties in 
India was Himilarly unfortunate ; but at .ill the other stations very favour- 
able conditions prevailed. A full account of the o]>crationa of the various 
parties will be found in these pf^s elsewhere, and therefore in this place 
we shall merely suramariie the work which has been accomplished. The 
expedition from England distributed along the part of the shadow track 
between Bekul on the western coast of India, and the northern extremity of 
Cevlon, did eiccllent work. Five good photographs of the corona were 
taken by Mr, Davis, who accompanied this eipedicion at Lord Lindsay's 
charge. They show the corona widely extended, alike in all the pictures, 
»nd -with pemianeut rifts. Professor Respighi, the well known Italian 
Bpectroecopist, also accompanied this expeditinu. He took out with him 
the instrument with which he has drawn bis excellent series of aolar profiles 
during the past three years. Using this iii*strument, be obtained a spectrum 
'•f images of the chromatosphere and prominences (seeing at the same 
time the red, orange-yellow, blue-green, and indigo pictures of the ring of 
prominences), and a spectrum of images of the inner corona, these images 
being formed by the yellow-green light corresponding to KirchholTa 1474, 
and by red and blue-green light corresponding to the C and F lines of 
hydrogen. The yellow-green image extended about ei^ht minutes from the 
limb of the eclipsed sun, and was well de&ned at its outer edge, though 
lainter there than near the suu. It is demonstrated, therefore, that a aotar 
atmosphere extends to at least the observed distance liom the sun, andtluht. 
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besides the " 1474-iiiMter " * there b }i;drot;eo in the aun'a aUnosplieK tn 
this heig-ht, th&t i^ to & dittimce of upwudH at 210,000 Dtiles front tlie fuc. 
Mr. Lockyer endeavoured to see these iniAgvs of the coronu bj mailier plan, 
euggeated hy Professor Young eiucly in 1871 — the use, namely, of a treia "I 
jirisms without any elit ; but though be saw four imager of th« drclv ol 
promineaces, tho iniAges of the inner corona, m eeen by bim, exteiid«il 
from the 8UD to ouly about one-third of the distance obwrreil by Prof«!«or 
Respigbi, 80 that it would appear as though the atmospheric conititioiis hul 
not been so favournble in Mr. Lockyer'a case. Mr. Halliday haa succeedcJ 
in obt^ning excellent drawinjfs of the corona. The obseiTing- party Itoux 
the observatory at Madras, under )Ir. Pogaon, the goTcmraeat A^fttraone; 
there, did excellent work at Avenashy, obtaining good photographs, *ihI 
confinninginnnyof the spectroscopic observntioni made during former edipaes. 
Col. Teanant's party, at Dodabetta, also obtained aii good photogrsfhi. 
Among the spectroscopic observations made by this party muat b« noted the 
complete confiimation of ProfesaoT Young's important discovery that the 
Fraunhofer lines undergo reTereal at the moment vheu toialiiy is complrie. 
It is now demonstrated that the region where the absorption taltee place tt 
which the FiBunbofer lines are due, is an atmosphere of great compleii^, 
relatively yety shallow, and under ordinary cirvumnIanceB either whaUj mi- 
recognisable by the spectroscopist, or only to he recognised by its ethet in 
causing the spectrum of the ^ery edge of the »un'a limb to appear continuous. 
M. Janssen, who was to have gone to Java, prelerred, on inquiring intu 
meteorological relations, to take up his station at Ootocamund, on the 
Neilgherriea. Here, with a telescope of larger aperture than bad yet bsBi 
applied to the spectroscopic analysis of the corona, and rused higher lAore 
the sea-level then any former observer of the eclipsed sun, he made obwr- 
vatioDS of the utmost blerest Rod importance. Ilia general coneluncuB 
respecting the corona are indicated in the following words addressed by him 
to the secretary and president of the Paris Academy of Sciences. " Nathin^ 
could be more be-autiful. more luminous, than the corona ; with spMial 
forms excluding all posiibility of n terrestrial atmospheric origin. I thlsk 
the question whether the corona is due to the terreslial atmosphan i» 
disposed of (Cranchfe) ; and we have before us the stud; of the estia aolw 
regions, which will be very interesting and fruitful." , . . "The Bpectnun 
of the corona, which contains a rety remarkable bright green line aliMdy 
announced, is not continuous as has been asserted, and I have found in- 
dications of the dark lines of the solar spectrum, notably D." The re- 
cognition of the solar dark lines in the coronal spectrum is a circunuUDC* 
of extreme importance, as demonstrating the fact, hitherto only tnapectisd,' 
that a proportion of the coronal light is simply reflected sunlight. 

^lectnim of Ihc Zodiacal Light. — M. Linis, at Pao Janeiro, has sacC^eM 
in observing the spectrum of the zodiacal light. It will be remembend 
that the eminent Swedish spectroscopist, Angstrom, had announced that 
the zodiacal light is monochromatic, its spectrum bebg the same yelluw- 
green light which appears in the spectrum of the aurora boreoUs. It wonU 
appear that Angstrom was misled by real auroral ligbt, not recogDiSBbl* ' 

• The name su^ested by Professor Young for the substance produdn? 
le line corresponding to division 1474 of Kiichboff's scale. 
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as such ; for it was nnticed, during tbe aurura of Februarj 4 lai^t, that pnrta 
of the sky where do auroral Uglit could be reco^ised gave the strongly 
marlied green line referred to. In (my e«se, Angstrom's obsercBtion hud 
never been confirmed, and had come to be regarded on that nccouat with a 
certain degree of auspidon. It now appears that the nodincal lipht gives a 
continuous spectrum, exceedingly faint— ^bo faint, indeed, that the solni dark 
line* could not be expected to be discernible, even though they may really 
be present in the spettrum. The inference is, that tbe zodiacal light ia 
umpir faint reflected sunlight, aa bad been always supposed until Angstrom 'g 
remarkable observation threw doubt on the matter. 

Spcc/nim of the Aurora, — Although tbe aurora ia not, strictly speaking, 
an astronomical phenomenon, yet it h so intimately associated with eeverat 
important solar phenomena, that we may be permitted to notice the reaulta 
obtuoed during tbe remarkable auroral display of February 4. Tbe well- 
known green line (wave-length 558) waa as usual the most conspicuous 
feature of the spectrum, except that, where the red streamers were eicep- 
tionally brilliant, the ordinarily faint red band (wave-length 650) became 
the brightest Very faint greenish and bluish bands appeared, having wave- 
lengtha 530, 610, and 490 approiimately. Father Ferry, who observed the 
anrara at Slonyhural, remarjcs that tbe green line could always be detected 
even where the unassisted eye failed to notice any trace of auroral light, 
and he suggests tbe " advisability of a daily observation with a smiill hand 
spectroscope for those who are desirous of forming a complete list of auroral 
phenomena. Magnetic disturbances ore a sure guide in the case of grand 
manifestations of aurora ; but might not a very alight aurora be observablo 
without the magnets being sensibly afTected ? " 

Temperature uf the Solar Photaiphen: — Father Seccbi has endeavoured to 
muntaln his startling theory, that the solar pliotosphere has a temperature 
of 10,000,000^ C, against very strong opposition in the Paris Academy of 
Sciences. MM. Faye, St.-Claire Deville, E. Becquerel, Fiieau, Viialle and 
Vieaire, agree in adopting 10,000°C. as the probable superior limit of tbe soloi 
temperature — an estimate falling far short of the value 27,000° C. adopted 
by Spiirer, in advance of which again, at a long interval, lies Ztillner's 
estimate of 400,000° C. But Secclii and Ericsson had been contending over 
their rival estimates of ten-million and four-million degrees centigrade ; and 
it is (omewhat amusing to find tbe Paris Academy, invited by Seccbi to 
eiprees an opinion, adopting a value beyond comparison less than the least 
of the rival estimates. The result is not greatly to be wondered at, how- 
ever, for Ericsson's value had been obtained by an erroneoua system of 
ohaervatioD, and Secchi's by an erroneous method of interpreting observa- 
tions which wure in themselves sufficiently Iruatworthy . The vieira of the 
Academicians, being based on a variety of independent considerations, 
acquire thereby additional weight. Faye bases bis opinion on the researches 
of Professor Thomson ; Fizeau adduces tlie eiperimenta] researches under- 
taken by himself and M. Foucault into the relative intensity of sunlight, 
I ud tbe light of the electric spark under v&rious conditions ; Vieaire deduces 
hi»Batimates front Secchi's observations; and SL-Cloire Deville quotes his 
\ Dim experimenta on the beat of the oxybjdrogen flame. 
I The Holar iVwninencM.— Father Secchi baa published a leevmi of hia 
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observ&tiona of theK objects, tabulating the niimW, beigbt, and indtli of 
the prominesces observed in dilfereiiL sokr latiludea during nine conplrte 
eolu rotations. Tie finds that tbere are two principal maiima of biqliMiry, 
placed between 20° and Off* of nonh Itttitude, and between 10° and 30° of 
rautb latitude ; and two secondary maxima between 70° and B0° in Mcb 
henuBphere. In duccessive rotntiooB tbere is no trace of a progreasivB moD'oo 
of tbe principal mAxima towards the poles, as bad been suspected. WLmi 
tbe prominences are moft numerous tbej are most lofty, and bave Ihnt 
widest extent (uol withstanding tbe circumBtance that occdaianal^ m iv- 
cogmise narrow and isolated ptomineocea Teaching to a great height) Cflin- 
paring with these results the observed distribution of faculre, Secchi fiwif 
that die legions ricbeat in faeulm colndda with the regions wliere the ptu- 
minences have their maximum height and width. Among 683 prominenrM 
which ho observed, 471 were found to hare a well-marked slope, resemhUig 
inclined plumes : of these 370 were inclined in agreement with the law of 
movement of the solar Htmo°pber«, and only 101 were aioped in the oaotiu? 
direction ; 40 were vertical at the poles and equator. " Comparing Uu) 
re8ult,"say8 Secchi, "with that mentioned in former communications, we bm 
that it cannot be accidental. I see that >1. Spcirer baa arrived at the Mne 
reauit later. I may remark here that during the epochs of greatest actinlf 
the law is more constant and decided." 

7K< Kovembtr MeUora.—Ahei all, it would appear that the end of tlu* 
meteor stream has not been reached. The (act tbul no meteors appeared on 
the morning of the 10th was simply due to a displacement of the lone 
accompanied by a spreading out of tbe system of meteors. The following 
list of meteors, observed at Alexandria on tbe night between November U 
and 16, serves to show that many meteors of the system still reinwned: — 
Between 10 end 11 p.m., November 14, 3 meteors 



11 



1 a.m., November lo, 



19 




Total 330 
As the »ky was nt no time elenr, this result shows that a real met«oni' 
shower was in progress. " It appears," says Professor Denzn, who reponid 
the observations made at several Italian and MeditetTauean staidoUH, ■' thai 
the loth was the tnie date of the passage of the November stream ; so that 
it was later by a whole day than in former years. NevertbelesB the metwr- 
cloud has appeared not only to lie less dense, but di^laced &om its oiutl 
position, perturbed and bregtilol, and, aa it were, a tenuous tail behind the 
more densely trowded central groap." He quotes Scbiaparelli as haviiif too- 
tjoned that in IBld, or midway between the great displays of 1790 and 1933, 
a fine shcrwer took place. Mr- GlsJsher must, therefore, not mUer his band 
of olwervert to leet as he has proposed, but, on tbe contrary, aboulil «clMd 
their nights of watchfulness over a longer period. 

77k Sun S/iot Ttriud.—'^tfBn. De La Rue, Stewart, and Loewy, have pub* 
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luhed another raluable paper on the laws of aokr apot-frequencj-. The chief 
pcnnts in this paper are the following :— Firat, tho aTerage period from mini- 
mum to maximiiin spot-frequency is 34 years ; the svewige ftotn maximmn 
to minimimi 6'9 years, Secondly, a retarded aacent to the maiimum is 
followed by a retarded descent to the minimum, nii aecelerHled ascent by 
BH accelerated descent. Trofeasor Wolf Lad enunciated the theory that a 
retarded or accelerated descent to the minimum is followed hy n relardtrd or 
acceler«ted ascent to the maiimum. Messrs. De Lft Rue, Stewart, and 
Loewy, after carefully comparing the evidence for the two theories, coLMder 
that their own is fully made out. It should he added that, on d jtriori 
grounds, thmr theory appears far the more prohahle, 

TSanelnfirr the nej-t QtiortiT.— Jupiter will be in quadrature on April 10, 
and is passing- too far to the west to be allogether well placed for observa- 
tion, though he will form a fine object in our evening akies for the next few 
months. Uranus will be in quadrature on April Ifl, and in conjunction with 
Jupiter (very close) on Jime B, at 6h. Urn. p.m. Saturn will not be well 
placed for observation till towaida the end of the quarter, when he wiU be 
approaching conjunction, which he reaches on July 9. Mars and Venus will 
not be well placed for observation. 

ParlirU Edijue of the jWuob,— There will he a partial lunar eclipse, i 
at Greenwich, on May K. The following are the mean times of the chief J 
phaaes at Greenwich : — 

51 9-8 
11 40-9 

V Middle of the Eclipse 1118-2 
Last contjict with shadow II 55-5 
„ „ penumbra . ... 11 ilC-Q 
The first contact with the shadow will occur at 177° from the north point 
of ths moon's limb towards the east; the last contact at 143° towards tha 

Et (in each case, for ilirecf image). The magnitude of the edipae (m 
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tomew!iat rare Fiinff«e, the XaiodocJw* CarbrnmrvH, has recently been 
the Manchester Philosophical Society by the Rev. J. E. Vru, 
U.A., who stated that it occurs near Welshpool, in a railway cutting, with , 
a aouth- westerly aspecf, weU sheltered by a bill and a wood. The fiirt I 
appearance on the leaves of SoTiguieorba officinali», L., was noticed in 
iniddle of May, when the Lecjthea-fbnn was in perfection, but the etema 
and other portions of the Bumet were greatly distorted by it. A month 
afterwards the magnificent vennil ion-coloured spores were well sprinkled 
ffrer the leaves, the form of which was unaltered. In the middle of July, 
the intensely black brand-spores made their appearance, many of which had 
twenty or more articulationa, and were plentifully scattered over the leaves 
in tufts. Mr. Vize stated that he had not watched the transition state from 
Uredo to brand-spores, but he hoped to do so if opportunity offered. 
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A Monograph on Dog Mooes U lieiagr pnsent«d to tbe lUijal Micriweojiciil 
Sudety bj Pr. BtaJthwwie, F.L.S., and U bebg puLIisiied b tbe " UontU? 
UiCTDSCopicftl Joutnal.'* The number of tbat journal for FebniBiy conbutu 
the lint description of the ^nera and epedes, bediming vrich the |^dui 
^hagmtm. In the preliiniDaiy remftrks the nutbot girv« the roUowin; 
account of the diTisioD of th« group. Thus, he sajs, that in tlie arnmpc- 
nent of Ibe spedes Bridel adopts two sections, Ohtuxifolia and Aetd^iiiA-, 
and this plan is followed by Wilson in the "Brjologia Britaanica." '.'. 
Miiller, in his ''Svnopsis Muscorum," baa a. with Tounded karee, b. with 
truncate leavea, and the latter ia again divided into two, according u lbs 
peduncular leaTea bare or have not spiral fibres. SuJliTsnt, in Aaa GiaTs 
"Botany of the Northern United States," arranges the species by the relative 
p«dtione of the two Idnda of ce\\f. Been ou cross section of a leaf, a ehanctci 
fiir too minute and difficult to be observed to be of practical ulilitj. Prnf. 
Schimper places all the species in two groups, Monoicma and Dioicom; alai 
a roost unpractical arrongemetit, aa apart froni the inconspicuaua natuK nf 
the flowers, the spades are so frequently found in a barreu state, that such 
a mode of arranging them afliifde no he!p to the student. Lastly, Pmf. 
Lindbeig, in his paper which appenred in tho " Ofversigt K. Vetenskapa 
Akfld. Fiirbandlingar " for 18«3, lins, with a master's hand, distributed the 
Sphoffoa in natural groups, characterised eaaentJaUy by tho form of th« 
branch leaves, and leaving nuthiog to be desired. After separating S, wt- 
crophyUum as the genus Imdadiu, Prof. IJndberg diridea the Sphagita into 
two sections; 1. Homnphi/lla, having the stem leaves and branch teavat 
alike in form, and destituli' of threads. S. tericeitm and ^. HoiUaoMin Irorn 
Java and Sumatra belong here. 9. Urterophylla, having the stem nnil 
branch leaves oC different fiinns, and in this section four groups Include llis 
European Bpecias. In a letler recently received by Dr. Btaithwaite, Prof. 
Lbdherg alters the sequence of tbese, placing fi. eymb^oHutn first, and lliii 
order is followed by the author in the paper referred to. 

The Terna Endotjen and E.rogrn. — At n meeting of the PlojbI Micra- 
acopieal Sodety in January last, Professor T. Dier dwelt upon the [iect<8sity 
of abandoning these terms in botanical language. He remarked that Vra- 
feasor Williamson's recent proposal to introduce tbem into palieonlAlogr 
was very objectionable. Our great English naturalist, John Itay, biid the 
foundations of a natural classification of flowering plants by dividing tbnn 
into Dicotyledons and Monocotyledons. De OandoUe thought tbu« twu 
groups might be characterised more conveniently by the niodo of viowtli 
of their stem ; ho substituted, therefore, for Ray's names. tiioi« of eiogetis 
and endoguns. It had, however, been shown that De CandoUe'e views ia> 
volved an entire misconception of the mode of growth. By the rcBearehM 
more especially of Mohl, it had been proved that Monocotyledons were 
really not endogenous at all ; they might, indeed, be more properly described 
aa aorogenoua. Then, again, eiogenoua grovrth was by no means contlneil 
to Kcotyledonoua plants. Mr. Berkeley mentioned something very like tl 
in a lichen {Ipnm). It was well known to occur in Lrt»otna. the great ««• 
weed of the southern oceans, and, according to Ruprocht, also in tho aUit<d 
Lananitria dtgitata of our own shnres. In DntrrrtM, an undoubted 3 
cotyledon, there were regular concentric zones of eircumfetential g 
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1b fact, eaogenoua growUi was found in vegetablo tirganienis of very dUftrent 
affinitieB, ftQd vaa not -wholly cbaritcteriBtic of noy uav. It appeared to be 
A piOTisioQ which waa correlate with the general form of the whole maM of 
Tegetaiive organs, aod wm forced upon the plant, in fact, aa a neccBSRry 
conditjon of it« niecbsiiicBl etabiiitj. For claaaificator; purposes the terms ■ 
ezogen and endogen were now nlmnst universall}' abandoned, and Ray's 
desi(niations, which were found quite valid, were used iQi-t«ad. 

The Fiitiijtoructie and their Atudet of Fertiliialion have been pretty 
thoroughly explored by Dr. Maxwell T. M asters, F.R.S., who has published, 
in the "Transactions of the Linniean Society," a very tine memoir on the 
D&turst history of the whole order. He hru alM) printed private copies of the 
meaioir, from which we have the opportunity of quatin|i;. Q'be memoir should 
be fully read by all who are interested in the subject ; meanwhile, however, 
we may refer to the author's remarks on the subject of fertilisation of tbe 
flowers. It seems tbnt in the young state tbe anthers are introrse and pressed 
up against the sides of the ovary and styles, the large atigmos of which 
project bejond the anthers. When the anthers become suHiciently matured 
to allow of the emission of the pollen, they undergo a change of position : 
tlie filamenU spread more or less boriiontally, and tbe anthers become ex- 
trorse ; go that if the flower-stalk spread somewhat horizontally, aa it does 
usually, or if it bu erect, the pollen is likely to be shed on the corona, tbe 
>Ulea at this stage being horizontal, with their stigmas quite out of reach 
of the pollen. In this manner the corona ie often found dusted over with 
pollen ; and in I'muifiora anviiniatu, Mast, and in other species it often 
happens that tbe stamens are bent downwards to such an ejLtent as to come 
into direct contact with the corona. The outermost rows of the corona, 
then, appear to attract insects, the smaller threads pi-oceeding from the 
throst of the flower-tube catch the pollen, while the membranous or median 
corooa (op«rculuiu} shuts uif tbe upper portion of t)ie flower from the 
nectap-eecreting portion nt the base. In all coses the object seems to be to 
del^n tbe insect in its passage to the nectar-secreting portions, and so to 
enable it the more surely to be dusted over with pollen. Now, when n bee 
visits an expanded Uower, it is easy to see how tho ijisect favours cross 
fertiliutiun. The insect ahghtson the rays of the corona; and if Uiere be 
pollen on them, some of it must naturally adhere to the Lairs on the insect's 
back. Moreover, if tbe insect be large, ot the stamens, with tbeir now ex- 
troise anthers, be bent downwards, as they usually are at a late stage of the 
expansion of the flower, it is obvious thjit the back of tbe insect is very 
likely to come into contact (nay, does so, as he bns frequently observed), 
and thus remove some of the poUen from thnm. In those cumis where, from 
the pendulous position of the flower {P. quailrangiUarie, P. vmnrocarpn, &c.), 
tbe pollen canuot fall on the corona, which is now placed above tbe anthers, 
the pollen is removed by bees in tbe uiaoner just indicated. When the 
pollen- currying insects alight on tbe corona of anoiher flower, it may so 
happen that tbe stigmas of that ilowcr ai'e so placed as to render tbem liable 
to come into contact with tho insect, and to remove from its hairy thorax 
tbe pollen-grains wiih which it is bestrewn. The styles, wbich are erect 
all the lime tlie anthers are intrurse and so placed as to be liable to con- 
taminate the stigmas, gradually assume a. horinontal or even a deflexad 
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poMtioQ wlien tie anthers aie eitrorae, or bent downward*, so iw ta reader 
warn of the [lolleu from them aa iiaprobable occurence. All thU m^ 
readily be seen bj' anyone wUo walchea the operations of a humblu-bee n 
he flies from flower lo flower of any of our cullivated paaaion -flowers ; bol 
it would fteem probable, from the lengUi of the gyaopliore, that In tliar 
natire haunts the flowera of Tacaoniaa, ba instance, are visited by somB 
larger creatures than beea. Indeed, some ttarellera slate that the bowed 
flowers of the TaraoninB are very attractiTe to humming-birds i and then 
elegant little cteaturex probably net as the caniera of pollen fiom one 
flower to another. 

A A'eu- Srilufi Coal Fumil was deaeribed to the Maachaster Piiilosophkal 
Society, Januarj- 9, 1872, by Mr. E. W. Binney, F.R.S. It resembles loma- 
wbat the Fsanmiiif ZeiSeri found in the Upper Foot Coal Seam, neal Old- 
ham. This species has been described by Cordn, in his '■ Beitwge mt 
Flora der Vorwelt," and figured in PUl« XI., but has not hitherto, Mr. 
Binney belieTea, been met with in the Brili^ caai-fields. The Oldham 
specimen appeared to him to be a petiole, of about one-eigbth of an inch IB 
diameter, and is of a nearly circular form in its tranflTerse section, two- 
ttlilds of it consisting of a zone of strong parenchymatous tiasue and aa 
internal axis of vascular tissue arranged in four radiating arms of an ti»- 
gulat oval form, reeamblicp a St. Peter's CToas. As he could not iwUiect 
the specimen with u stem of AoroniW, be proposed to call it Slaurtftmyt 
OWmtnia. In the above-named coal, as well as that of the Lower Biooks- 
bottom Seam, there ia a g7eat Tariety of beautiful petioles which have not 
^et been described. Some of them evidently belong to the ^ea\n Zggo^fit, 
and may probably be discovered ia connection with thdi stems, but most d 
them have been found detached, and sometimes nii.'tuken for the rooilelaof 
Stigmaria. From some specimens in his cabinet he is led to believe tlutt 
Cotta's Meduliu»a vltyann is meielf the TRcbia of a fem or a plant allied 10 
one. 

The IHanU of Oregon, America.— We leam frum SilUmon's '• Anmcm 
Journal," February 1672, that Mr. Elihu Hall, well known as an excellent 
and enterprisbg collector, during tiie past seaaou made an extensive oHee- 
tJon of dried plants in Oregon, which are to be distributed in sets as soon 
as the materials aw be put in order. The full sel« will contain five or six 
hundred species, and Mr. Ilall offers them to subscribers at eight dollars pot 
hundred specimens. So far as the einminalion has gone, a good uuiiiber irf 
rare and interesting, and some wholly new species, are brought to lig^L 
Plants of this region being far &om crimmon in herbaria ^neraUy, it it 
thougbt that these sets will at once be taken up. As Mr. Hall is likely ta 
be rerr soon engaged in another exploration, intending Eubscriberx may 
address Mr. Ciiarles Wright, llariard Univei'sitj Ilarbariuni, Cambridge, 
Mass. 

SUiKture of the FUtU in Prhiiutacecf. — In the "Annates des Seiance*" 
of last year is a valuable paper on this subject by M. Van Tieghem. Modi- 
fying somtt of hia formerly expreseed views, be says that he now finds that 
tlic bundles in the placenta of Privaila and other pbnta of the Barns aider 
(aa likewise in Cta-nophjUacttf, &c.) present their liber-cellB inward, t]i«ir 
apiral vessels outward, contrnry to the manner of vnscular bundles of st«m«. 
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Tbe«e buntUeB originate in comiectioQ wllh those wbicli pat^ into tlie OTarion 
W&Ub, and which correspond to the mnrgina ol' the five carpeU : pasting into 
the placenta they lamify, and the otul<?s are borne oi theii tetminalians. 
He then eiftmined the outer floral wliorls in cases where their ports produce 
an accessory piece or appendage on the inner face or at its bude, such its the 
petala of SaTuaailHg, of Oleander, the croim of the perianth of A'arnuaui, 
Uie atametia of Cobaa, &e. In all these the Toscular bundles of the internal 
appendage or crown equaUj have their lib«r-cell^ facing toward the axis of 
the flower, their spiral vessels turned from it. Van Tiegbem therefore con- 
clndaa that, aa these accessory pieces are appendages or deduplicationa of the 
petaU, sUunenB, &c., so the free central or basilar placenta consists of in- 
tenal appendages or deduplications of tLe corpeb ; also that each ovule 
aoBweia to the lobe of leat 

Whenee ^ooe«d the Flotnert of the Liireh'f — Mr. Thomas MechuD, who haa 
kpcper on this subject in the " Proceediuj^e of the Acudemjof Pbiladelphia," 
Hjra that at the floweiing time of the larch thu male and female flowers 
piooaed from the tenniDadon of the spurs — not merely " of the preceding 
JMZ," BCCordiiif; to Gray 'a " Manual," but in some cases of many preceding 
■ytlxs, "tlie sterile from leafless buds, the fertile mostly with leaves below" 
(Gray's " Manual," 5lh ed,, p. 472). Why have the female flowersleavM 
' under them, and the male none? Comparing the male and the female cal- 
Idne, we see why. The scales of the mole are formed out of tbe leaves 
wbich become fully formed in the female one, The pair of anther cells ore 
tboa amply on the back of a transformed leaf, Just as we And the spore* 
cases of fums borne in tbe same way, Tbe weaker orgauisation which he 
has shown in his paper and communications on sex, permits no further 
development here. But in the case of the female flower, the leaf maintunA 
a aepaiate organisation all through the catkin or cone ; and, as shown in his 
paper on tbe " Stipules of Magnolia," the midrib of tbe leaf shorteos, and, 
MBundng a slipular character, increases in width, until we have the purple 
bniclea so well knonn in Larix. As soon am these bractea have been arrested 
in their development, the car|iellary aciilea, which answer to tbe pbyUddal 
fascicles of Pinia, commence their growth in most species of lurch, finally 
eqaeUing tbe bracts in length. 

Tht VaHowi Spetiri of Ytu*t iMeh attack Fruilii.—T\ivm have been in- 
vestigated by M. le Dr, Kngel, who has written a short memoir on them, 
that has been presented to the French Academy (" Comptes Bendus," Feb- 
ruary IS, 1h72) by M. Pasteur, lie formulates his conclusions thus. (1) 
He has found a rapid, easy, and certain wey of making alcoholic fennenbi 
fractify. He has found by tbit means two very distinct species. (3) 
He has examined about twenty dift'erent species of fruits in order t« 
Study the ferments. Generally tbey (ferments) are found on tbe surface, 
and in this slate they remain iunctive. However, when any part of 
the akin of the fruit is broken, they make their way, and then they 
become fully developed, and undergo their development fully. (3) An 
«xainiiuit!on of this kind has proved to hioi that the fermentation of bread 
is totally different from that of beer. (4) He has never been able to cause 
llu faogus to germinate when tbe fruit contains little or no sugar, but in 
^ • which contMn sugar it (jerminates ni[«dly. (G) The two genera to 
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which lie referred ftbove kre Sarcliaromi/ceUt, whicH hks Do leaa tiuB KTn 
Specie^, and one which he cnlla Carpozyma, nbicb fuims but k eio^ >p*aa 
that is met ^ilb on nearly all fniiu, Btid is named C. apievlatum. 

Dr. Sraithtcaite on the BntUh Moaen. — '' Saeore Gossip " for Mweh cw- 
tailis two T^^^y excellent papers by Dr. nraitbvaite on the struelvre of tt» 
Itritisli inosRea. Tbey nre accompanied bj iUuetratiooa, and are admiitUj 
adapted to thoKe who do oot underutand the subjwt. The author hai eTmded 
aciHDtific cipregsioDt as much tut powible : and bas given, advim a» to Iba 
collecting, examining, preserving, and classifying the varioua ttpwiw vfaaik 
the collector may hare gathered in his country walks. Further, Mr. Hud- 
wick (the publirber) hue arranged to supply a mounted apedmeii I 
of Dr. Braithwaite'a paper and of the Hat of Biilieb mO!<KS now j 
for the small Bum of sixpence. 
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recidiar Fivdudum of Osone. — Profeasor H. Croft gives, in the " Chemical 
News," February 23, an account of an anomalous production of this com- 
pound which he has experienced, tie stnteii, that about dx yeois ago, 
when evaporating some syrupy iodic acid, prepared according to MiUoa'i 
process, over sulphuric acid, be noticed that when ibe acid began to oystil- 
liso, the air in the jar (coTering the drying-dish) bad a strong smell of 
gzone, or active oxygen. A couple uf years afterwards, on sgun making 
iodic acid, this observation recurred to bis mind, and he carefully tested the 
air in the jar goring the evaporation ; no trace of oxone could be deteetcd 
until the odd began to crystallise, when the Bmell of ccone became imme- 
diately perceptible, and ntl the usual tests for that body succeeded perfedlf. 
During Uie last month he bos had occasion to convert two ounces of iodine 
into iodic acid, and exactly the same i«ault has been observed. 

Acliim of Xilriv Acid on ChaTCoaC: a AVu' Compound. — Mr. Andrew 
Scott states, in the " Chemical News," February m,tbat having spent apart 
of the last few months in investigating the action of nitric acid on cbaicMt 
from various sources, he has obtained a compound containing over SO pet 
cent of carbon, 3 to 3 per cent, of hydrogen, the remainder beingr chiefly 
nitrogen. U is a blaclf amorpbous substance, very soluble in water, olcobal, 
ether, &c. It is very deliquesceni, absorbing 20 per cent, of its weightof 
water in n few days, and becoming a dark liquid, the water being agun 
expelled in a short time at the temperature of the water-bath. Wbu 
heated on platinum foil it takes fire, the combustion spreading rapidly 
through the mass. Heated in a test-tube it melts, swells considerably, and 
gives off nitrous fumes. It combines with alkalies, and the solutjona give 
picdpitatea with most of the metallic salts. Its watery solution is also fif 
d[ntated by hydrochloric and sulphuric acids. He bns prepared thi« body 
tiom willow charcoal, coke from crude pnralfin oil, bone charcoal, and from 
mineral charcoal found in ordinary household coal. 

Elietri:ation o/Sulphitle of CcirtiOH. — In the " Comptes Bondua," JonuatJ 

i, M. Sidot states, that when pure sulphide of carbon is placed alongwtth 
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nuialated silver or any other granulated nietel in a stout glass bottle, and 
liis Teasel Tigorousl; shaken, electric fpiirkB sre aeea inside the bottle; 
'hen, while this phenomenon ia ohaerved, water is poured on the bottle, 
le appearance of the sparks ceases iuioiediatelv, but the phenomenon is 
tMeired again when the shaking is continued. By being exposed for 
rrerol months to strong sunlight in a sealed tube, pure sulphide of carbon 
ppeara to become decomposed, giviog rise to a solid, tlocculent, red-colotired 
latter and a peculiar kind of gas, but the author has not yet been able to 
iflt the nature of these products. 

Ttitt for DeUcting Stri/ehnia. — Br. Filbol has a paper on this subject in 
le " Journal de Pbarmacie et de Chiniie " far January 1872. After having 
rriewed the Tarious l«sts described in norke of chemistry, the author con- 
.ude« that as regards the sure detectioii of this alkaloid in cases of poison- 
ig it should be obtained in aaolidstate; tha alkalinity of its solution should 
a nacertained as well as its intensely bitter taste ; its behariour with 
lilorine, and iU blue colouration under the iniluence of sulphuric acid and 
xiduing substances, should also be seen; while, lastly, as a very delicate 
lactioii, the author quotes that, with chloride of gold, strychnia (in solu- 
oo) yields immediately a crystalline precipitate, which, although slowly, 

yet formed in solutions contniuing 1-lOth of a milligim. of the alkaloid. 
his precipitate, end that formed by cbloriav, are at once dissolved by cou- 
sntrsted sulphuric acid, and, cliroiuic acid being added, the well-known 
tue colouration that slTycbnia yields with tbis last reagent is produced. 
lie presence of alcohol in liquids to be te^^ted for strychnia should be 
roided. 

I^raBmmen in Serous Knulatiotu. — In the "Chemical News," March 1, 
J72, Dr. Ililger states, that by paralhuuien he means a modification of 
mun-albumen, the alcoholic piedpitate of which is soluble in water, and 
ily pailiall; coagulated by the addition of email quantities of acetic acid ; 
lis paralbumen has been hitherto only found in the hydropsicol ovarian 
laU, but the author lias recently found it also in the fluid abnormally 
«Kted in ascites. 

^ Prise for belt Etsai/ on Sugar-maKitig is offered by the East Bohemian 
aaodation of Sugar Manufacturers. It is 501^ in value. The work must 
i&riat of two sections. The first section, chemi co-technical, to contain — 
i) Well-made and complete researches and analysis of all the raw materials 
led in the process of sugar manufacture : (&) complete analysis of all the 
■odiict« obtained in this manufacture ; (l) a eucdnct and explanatory de- 
xiption of the chemico-lechnica! oprations required in the sugar manufac- 
iiiog process ; (if) a complete collection of nil the tabulated forms required 
I assist the making of calculations for the various manipulations; (e) a 
rief, yet complete, description of the sugar manufacturing process, begin- 
ng with the washing of the beet-roots and ending with the refined pro- 
ica. The second section, mechanico-technical, should treat, in full details, 
1 the plant and machinery required, on the inaQngement of the operations, 
id on the meana to be employed for keeping the plant and machinery in 
Md repair. Competitors should send their essays to Herra Fr. B. Goller, 
Laoager of Sugar Works, at Podebrad, in Bohemia. The essays ought not 
> cont^ the names of the authors, which should be sent in a sealed note, 
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bearing on the enrelope b motto, also to be plkced on the flj-lmf of tlw 
eBsaj. Thi> jurj to judpun these oasaji is to cnnmstof e mixed adcntilW 
techiiiciil committee of six mem.bers. — Dinglrr't Jhlyttch. Joar,, J 
1872. 

/Vi7>ni-«(i'(wi of Ptpnn. — This subBtance is now so much used b mediciu 
thftt any iniprored mode of jirepajing it is of importuice. Ueir R Sebefo 
tliinki) hi: has bit on some iniprovemC'nts in the following mode:- 
C0U9 membrane of a previously well-cleaned bog's atonuioh is diBgected ofi, 
chopped finely, and macerated in water acidulated with hjdrochlnric add 
for several days, during which time the mass is frequently ««11 stimd ; ihe 
resulting fluid h strained, and, if not clear, set aside for twenty-fbnr boil 
in order to allow the mucus to settle. To the clarified liquid a Ihoioughlj 
saturated solution of chluiide of sodium ia added, and the wbolo tborou^y 
mixed. The pepsin, separated from the rest of the solution by the wIditMB 
of the saline soluUon, is found floating on the eurfnca of the fluid, and n 
removed with n apoon, put upon cotton cloth to drain, and linoUy sobrntttcd 
to strong pressure, to tree it as much Bs poauble &om tiie uilt solution. 

Work done in IS71. — \ chemical retrospect for 1871 bus Iweu taaaed \lf 
Di. Kolbe, in ibe " Journal fur pnilrtis!he Cheniie " [Xo, 20, 1671]. Of Ota 
lEo " Oheraicol Newi " spenlis very highly. It says that the nuthof abowtia 
this paper that he is not only thoroughly well acquainted witi edence, 
also with the conditions existiiig in ditferent countries ; his alluiion tc 
United Kingdom, while courte.ius and complimentary towHrds its me 
smence, contains a rery true and correct riew of the disdainful Mntempt J 
with which science in general, and chemisby especially, is treated in oeftnn 
quarters. 

A AViP Edition i(f Gmelin'i Jlatidbook.—Al\ chemists will beBTlily weltoaw 
a new edition of Gmelin's indis^ensalile Uaudbnob, the inm^anic portion Oi 
which bos long been behind the science of tlie day, though slUl oft«ii odih 
suited nnd never superseded. ;Uready there are issued the tirst, aeeosd, 
third, and fourth LieferUQgen of the second division of the first volanc^ 
and the tint and second Lieferimgen of the third volume. The entira wmk 
is midei the charge of Professars Kraut, with Profesanrs Naumson lai 
Ritter and Dr. Jorgensen as collaborators, to ensure its iBpid completiaa. 
The favourite old treatise nppeoj^ with a larger and clearer pag*- and hMet 
type, and apparently, with no nbatement of its former thorough 
scieutiouB exliauBtion of every topic treated. 

A MaMnp for edimatinij llus Stnrch in Polnloe* is described by Dr. AJ 
Schwart»er, in"DiBglet'B JouMial" lor January. It is thus briefly noticed Ifl 
the " Chemical News." The paper, it says, treats on a subject which U not 
much attended to in this country— to wit, the good quality of potalcM H 
ascertained by their specific gravity — it being a well-known fact that ti* 
more starch (the main constituent of the tuber) potatoes contun the hijktf 
their specific gravity. The author describes at length a cotitrivanoo (wwgb* 
ing machine of simple construction) with the ud of which samples of _ 
(quantities of at least fi kilos, together) can be convenienlly tested for tWt 
spedfic gravin', 

TKt Deiitrification i^ OUn. — The January number of " Dingier" 
a paper on this subject by r practicBl glass manufactunr, Dr. II. E. 
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jefly referriog to th» observadons of R&imiur (150 years ago) 
_ uter researches made oa the devitrifi-catioD of glasd by Dumu, 
Mreil, and otliers, be giTes a detailed accoimt of his experiments 
n of different kinda of glass before and after the deridificalion. 
ides this very eihaustive essay by atadug that, in his opiniou, the 
of glass belbre and after devitriftoation is, that the isilica in glnsa is 
ch in the condition of tiiree- or fi>ur-foId combination as in that of 
a glass (perhaps ROjSSiOj), and then, as is the analogous case 
lolutions tu different tetnpeinturea, correspond diflerent maxima of 
labstance. 

^lion ™m« a Preci]-itat>! fi-om a yUric Add SoiutioH of Gold?— 
^ao, has been long answered alfirmaUvely, but Mr. A. U. Allen 
tfie states that ["Chemical News," febniary 23] lie prepared 
wuic oxide by precipitadoK a solution of gold in aqua r^ia with 
^ excess of magnesia, boiling, washing with hot water till' the 
were perfectly free from chloride, diBsolving the precipitate in 
ric acid, boiling and washing till the water no longer reddened 
rhe auric oxide so obtained was heated with strong nitric acid, in 
i^ well knowD to be soluble, all authorities stating that dilution 
B complete precipitation of the gold as auric oxide. This he does 
D b« the case, a perfectly clear and nearly colourless Boludon being 
in dilution, in which the gold must evidently be present as nitrate, 
c nitrate gives no trace of precipitate, sod no other salt radical is 
rbe solution of auric nitrate answers to the ordinary teats for gold, 
t gtsdually decomposed, with deposition of auric oxide having the 
erttes as before. The decompoaitiun is more rapid when the liquid 

rJJye S/m^ — In the " American Journal of Pharmacy " [February 
k J. Merrick epeaks of flavine, also sold under the name of 
(■id which, according to reliable information, is a preparation of 
I bark, well known in Europe, and manutactured in the United 
^ process kept secret. According to tlie researches made by Drs. 
fnaner, and Konijj-, flavine is sometimes nearly pure quercitrine, 
I quercetine, and usually a mixtui'e of the two. hy dissolving the 
iid contained in quercitron bark in an alkaline solution, and next 
t with sulphuric acid, Ilochstretter and Oehler have obtained a 
a substance. 

|w tn (he Tioiicata. — According to Sr. tjchafer's researches, these 
)ki contain in their tissues a substance which in its properties and 
VOf nitrogen corresponds closely to ckondrine, which is essentially 
p ^e of substance. This is another fnct in favour of those who 
iettebratea from the Tunicate class. 

■ Cimiinf. — Some further researches have been mode on this 
U the second number of the I'roceedings of the Chemical Socie^ 
Dttr Schiff commences a paper with the detailed description of 
id of preparation of coniine by artificial means, starting with 
nde exposed to direct sunlight for several months along with 
bunoniB solution kept in a well-9tojipr«d bottle. The artifinally* 
Idkaloid is, as regards its phyetologicnl action, akin to (.be n«buaL 
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Goniiiie obtaiaed ftooi Couaim maaiiattan Mid CiraU nr tt a . TIk bciUof 
pMDt is from 168° to 170^, Mul ftUo Uwt at the tudire ; ibe qtedlLe giwuj 
wies from 0803 to 0-690 at 15°. The main diOetence, «c nginl* Us 
properties of the ahtiye and arUGcullf-prepared coniine, is tb&t tho latar 
doM not exhibit an; optical lotAtai; actioo. See also " Cbemical Nowi.' 

Tlu! TiagiUH Om^otmd* hare been Tery thorougU; iovestigatal \j 
Pmfenor lUiseae, F.E.S., who lately [Februaij lo, ISr^j read a papM oo 
ibe aabject before tbe ChemioiJ Society. The paper is of aoiuc length, «ail 
should be consulted bv tho«c who are iolereated in the subject 
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Crytlala of Caldte mnvaidiHg Stalartilir SititnurH.—Ai a n<xm BMetilf 
of the lileraiy and FhiloaophicaJ Sodetj of Muicheetcr [Feb. 6, 1B711 
Mr. Bojd Dftwkius called attention to a remarhablB group of crystalR «( 
calcite and sulphide of iron Burroundin;- elalaclitic liilunien, found at Caoh- 
tou in DerbjBhire, by Itooke Penatngton, Esq. The modci of fonnatina «» 
this. When the muunlaio Umest-)De of that district b^'ame charged «ilh 
bitumen, the latter penetrated into a cavity irbich it trarersed in losf 
stalactite drops. Subsequently the cavity was more or less filled viA 
cryBtali of calcite and sulphide of iroD, vhich were deposited by the wata 
(diar^ with those sulistauces around thu drops of bilunen. The beat by 
which the bitumen found its way into the rocba mutit have disappeand 
before the crvEtaLi were formed ; for had the latter been tlie Rsult <J 
bjdrothermal action, they may hare been coated, but certunly could not 
have been traversed by the solid bituminous Gtalactite>. 

Oil tie Value of Litkohigy in deiermiHittff the Age of Sock*. — Cluriy 
Professor Dana b not so much in favour of lilhological evidence aa Ob 
Henry Hunt; fcr, in a paper in Silliman'i "Ameiic&n Journal'' for Feb- 
ruary 1873, he says, in regard to Di. Henry Hunt, thnt he has relied, fiir 
bis chronological arrangement of the cryst^ne rocks of New England and 
elsewhere, Largely on lithological evidence, and commends tbis style of evi- 
dence, when such evidence means nothing unlil tedted by thorungh Btratlgn- 
phicat investigation. Tbis evidence means something, or probably so, with 
respect to Lsurentian rocks ; but it did not until the ago of the rocks, in tfaeir 
relation to others, was first stratigraphi cully oncertained. It may turn out 
to be worth something as regards Inter rocks when the beta have beM 
carefully tested by stratigraphy. A /omiV is proved, by careful ofaeervatloi), 
to be restricted to the rocha of a certain period before it is used — and tfan 
cautiously — for identifying equivalent beds. Has anyone proivd by ci 
observation that crystals of staurulite, cyauite, or andalusite, arc restrictMl 
to rocks of a certain geological period ? Assumptions and opinion*, bow* 
ever strongly emphssiaed, are not proofs. It is no objection to atcalJ- 
graphical evidence that it is difficult to obtain ; is very doubtful on acconnl 
of the difficulties ; nay take scores of years in New England to reach nj 
safe conclusions. It must be obtained, whatever labour and care it co«ti| 
before the real order and relations of the rocks can Ije known. Until 
lithology may give us guesses, but nothing more substantial. 
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Oorarroife of the. " rnmortlial Fauna " in Nevada. — Mr. J. D, Whitney 
has bad placed in his h.tnda epecimeiiB of fossila from the above localitj by 
ftofessoT Joseph Le Conte, who obtnitied them from M>. J. E. Clayton. 
(See Silliman's " Americnn Journal," Fehrunry 1872.) These fossils indicate 
most unequivocall; the Potsdam period of iLe Silurian Age, aincs they be- 
long to those must chrtracteristic families, the LingtiUdit and the Tfarn- 
Aaidtr. The specimens contain a pvat number of individuals, hut few 
■pedes; and these much broken imd closely compacted together. Among 
the fisgmenta arc aereral heads of Agraului {Arumeltiu and Arion of Bar- 
nude, Crfpiatphatiu of U. D. Owen), and the species seems to he the same 
A. Ou>mi' which hrd been deserihed by Jleek and FTayden as occurring in 
the Kg Ilom Mountaios, This is by far the most abundant spedes in the 
fpecimens obtained by Mr. Clayton; but there are also other fragmenla, 
one of which sterns almost certainly to be a Conocoryphc (Conocephal^ti of 
Bamnda), and others to belong to the genus Parndoxidct. The class of 
taachiopods is represented in these tpocimena by two or more genera, all of 
the ffunily of Lai^ilida. Among the^e he thinks that he is able to recognise 
die genera Llnffulrpia ( Lin^^la) and OboleUa. At all events, the character of 
this assemhlnge of fossils is thoroughly and peculiiiTly Primordial. This is 
■n interesting discovery, since it carries the Primordial fauna much farther 
weat than it had been found before. The most western locality of PotBdam 
Mndotone fossils previously described, is that in the Big Horn Mountains, at 
the bead of Powder River, io longitude 107°, while that discovered by Mr. 
Qqton is nenr the lltith meridian. It is indeed wonderful to see the 
pamctence of this grouping of forms which characterises the lowest aub- 
ditinim oF the fossiliferous periea, and which haa been found recurring at so 
many points over the last area of the American conUnent, as well as on the 
other nde of the Atlantic. 

Grotogiaii Survey of £nj/?niirf,— The new edition of Sheet 7 of the Oeo- 
log^al Survey Map of England, showing all the drift deposits on the scale 
of one inch to one mile, has just been pubUshed. It is a considerable 
improvement on the old map. A gknce at the old edition, says the "Qeo- 
h)^ica] Magazine " for March 18T3| comparini; it with this new one, shows 
at ones the great utility of mapping all the superficial deposits, for not only 
IiaTe they a high economic value, but in tlieir relations to drainage and 
health — an inquiry which we are glad to observe is attracting public atlen- 
'6m — Ihdr importance cannot be over-estimated. The area comprised in this 
Aeet, about 800 square mileJ), includes the western part of London. It is 
hDDnded on the east by Ilomsey and Enfield ; on the north it takes in 
Hatfield Pork, St. Albans, Ilemel Hempstead, Great Derkbampstead and 
Wendover; on the west it extends beyond Princes Riahorough, Great 
lEadow, and Twyfonl in Berkshire ; while to the south it includes Windsor 
nd the Great Parle, Staines, Twickenham, Wimbledon Park, and Dul- 

JfincroJ Veins haiv their Origin in Sotfotnrat. — This is the view taken by 
tli. J. Arthur Phillips in a pnper published in the " Philosophical Maga- 
'' [Dec. IS713. The most interesting of the Solfataras, or flssurcs 
pring off ileam, are tliose known as the Steamboat Springs in the Stute of 
Nwida, where some of tlie crevices are over 1000 yards in length, and a 
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often entirel]' filled with boiliag water cuntainiiig Tvioas mln^nl itlu 
■rf ntjon. Id the course of time incrustatiotiB (sometiinH to tlie ihidmeM ' 
il feet) ore fonned on each side of the finuivA, conipoMil clufiflj 
nttcd silver, but cmiiuiuiig nlso oxides of iroQ sad maiigsneie, Inots 
ute crjslalB of iron pyrites, 4c, The author thinlcs thet ibi 

SDomenB tead to bhow that the Theorf of Ascenidon, which teaches tlul 
« the rmult of deposits of mineisl aubstanres which have bMn intiw 
duced into fissures from below, is the most ratioDal method iu which to i\n 
this formation. For further corroboration he p^es analjat* of water iawJJie 
fcom lodee in some of the deeper Cornish mines which were found to h(4d 
mineml substances in solution. 

The KStorkan Jhuik, eo, KUtermi/, Irtland, have recently huen esplond 
by Professor Ocwald Hear, who read n paper before the Geological SodrtJ 
[JoD. 10, 1S72], On CiicloHu/vw, Lrjndndeadrim, and Kiwrria bom "SSh 
torkon. In this papet the author indicates the characters of certain foBk 
from the Vellow Sandstone from the South of Ireland, referred byhimta 
the above genem, and mendoned in his pnper " On the Carbonifetoiu Fl* 
ofBear Ishmd," read before the Society on Nov, fl. 1870 (eee Q.J.G.S, 
vol. isvii. p. 1). He distinguished as spcdes Cijchttii/ma SSCarham, 
Ilaughton, ('. mimiti(m, Mauglit., Siuinin anicnlttru, Qitpp. var. BaHj/ma, 
and Lcpidodaidron Velllieiinianum, Slemb. In the discussion on the ptps 
Mr. Carruthers differed from Professor Heer as to bis method uf aniring it 
conclusions upon the foSMls, 

A Geological Map af London is, we (ire informed, shortly to bo pabBiM 
by the Geological Society. This will be a preat boon to our metnipolitu 
workers, and we trust it will soon be out, and that it will he w«ll done:. 

An Earthquake at Maiaya is recorded in a Utter which the Miniitn (a 
Foreign Afiaors lud before the French ,\cndemy at its sittinj; on Febras'; 
26, 1872. The shock occurred on January 28, at 3h. Im. in 
The undulating movement lasted from four to six seconds ; therie ircn 
terranean sounds like thunder some moments befon>, Tbt* shock 
place from north to south. The weather was unufinallj cold, the biids *«• 
visibly aSected, and uttered pe-culiar tivmbling note>. No miachi^f il i^ 
corded as having taken place. 



MECnANIC-A.L SCIENCK 
Diagrammagraphe. — In investigating the ppoportions !o be given lodJfr 
valves and gear, it is usual to employ various geometrical constnictJoi* I? 
which the action of the valve in opening and closing the Bteam portri 
represented. In the cara of valcee worked by link motions, these dilgHnfc 
though extremely valnahle, are in general only approximate reprteraWM 
of the action of the valve ; that is, in order to amplify them the In**** 
of the obliquity of the eccentric rods and of the connei'ting rod is igiwn^ 
M. Fichault has invented a beautiful instmnient, which be calls a diiigin)' 
magnphe, by which any given amuigement of link motion can b« teiDp> 
rnrily put together, and a pencil moved in precisely the snm« tnannerulh 
actual valve would be moved with the propowd link niotioc. This J** 
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recoTd« on ti revolving plate the motioD of the viilve, and Irom the diagnm 
ao obtained the action of tbe valve can be studied, nod nnj improTements 
in the arrangement of the geiu" can bo at once imitated and tried. The 
instnunent has been described and illustrated in " EntTneering-." 

Nacigable BaHnon.—Ihe trials of M. Dupu; de lyjnie's bftllrxm at Paris 
haTB been of great interest, and appear to have been attended with an 
■mount of success -which is encouraging. The balloon ta of an elongated 
fonn>ao that it has a horizontal axis of le&^ resistance, which is muntsined 
paiallel to the propelling force. The car has a huge rudder, con«i«tiiig of 
a triangular Bail of an orea of 161 eq. feet. In order that this rudder ninj 
act, it is essential that the balloon should not drift with the wind, but 
should be propelled at a senrible velocity relatively to it. To effect thia a 
luge Bcrew propeller of two blades is ewploy ed, -10 feet diameter, and 26 
feet pitch. This screw is rotated by four or eight men. According to 
M, Dnpuy de Lome's calcolationa, the resistance of the balloon at live miles 
an hour is 24 lbs., and at that speed the propeller should revolve twenty-one 
times per minute, four men having power snilirieDt to work the screw at 
that speed. The balloon, inflated with hydrogen, has a gross ascensional 
force of 3J to 3| tons. The total weight of the balloon and apparatua is 
1} tons, and of the crew, stores, &c. 1^ tons. In the experimental trial it 
was found that, with the screw working, the balloon did obey the rudder. 
It was found possible to direct the balloon at an angle of 12° with the wind's 

Fltnc of Etadic Fliddi. — A valuable scries of experimental researches on 
the efflux of air bam orifices and its flow through tubes has been carried 
out by Mr. G. Wilson, and the results are being published in " Engineering." 
Sirel Gail. — Mr. Vavaaseur, of the London Ordnance Works, is construct- 
ing a 12-inch built up steel giui, intended to prove the advantages of that 
■yitem of construction hj competing with any other gun of the samecalibre. 
The rifling is a moditication of the Lynal Thomas tiystcm, the gun being 
ribbed and the shot grooved. The gun is intended for a 110 Ibg. cha^ of 
powder with 600 lbs, shot. 

Binary Vapour Engine*. — Some of our readers may remember that between 
1850-60, M. Prospere Vincent du Tremblay constructed some engines, in 
which steam, in condensing, vaporised ether, the ether vapour being used to 
work a secondsry engine. The object of the arrangement was to economise 
fuel, and the system of binary vapour engines was worked out by M. Trem- 
blay with great ingenuity, knowledge and Ihotougbnpss, The engines con- 
structed on this plan were fairly successful, and realised fur results as to 
eooDomy of fuel, considering the date of the experiments. But the system 
was idtimately abandoned, in consequence of some difficulties with the 
joints, and &om the danger of conflagration if there were any leakage of 
ether. Mr. J. H. EUis, of Boston, has recently revived the system of Irinaiy 
Tapour engines, using vapour of bisulphide of carbon in the secondary 
engine. The exhaust steam is led into a " vaporiser " constructed some- 
what like a surface condenser, except tbnt instead of being surrounded by 
cooling water the tubes are immersed in liquid bisulphide of carbon. The 
exhaust steam parts with its beat to this Hquid vapourisiog part of it at a 
^HifMure of 40 to GO lbs. per aq. inch. The vapour thu-s generated drives a 
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Becond engiBe, And U theo led into n cotl of pipbg wbich ia wetted lift 
^ower o! water imd cooled bj un air blast. It ret remains to b« Mto 
nliether anv economy am he nttained by Ibis plon eaftieiMit to eoi 
balance tbe disadvantage of cotnplicntion ia the eugiDH and the dan^ is 
using go inflammable a compound iis bisulphide of carbon. 

/TftTKre of Iron anil S/etl. — M. Treaca has made some new experimeltt 
on tbe flexure of iron and Btcel mlvay bar», extending the eipeiimeiUi 
beyond the ordinarily assumed limit of elasticity. Tbe loads were impose] 
by an hydraulic press, and the deflection at tbree points raL-asured niib 
great accuracy. Within the limit of elasticity, these experiments coBfiin 
tbe theoretical lawa as to the proportionality of the deflections to the hiads 
and to show them to be inTewely as the cube of the span. Beyond Ue 
streas oidinnrily assumed as marking tbe limit of perfect elastidty, Iht} 
ehow that tbe imposition of more and more energetic loads caosea the 
of elasticity to be extended, so that by repeatedly loading tbe bar it m»j 
approach the point of rupture. The bar takes increasing permanent CurW' 
ture, but ita temporary deflections remain proportional to the loads. 1^t 
original co-eQlcient of elasticity diminishes to an extent which may ai 
to one-tenth part. 



MEDICAL SCIENCE. 

Determinaiiim of the Mode of FligU in Birda. — ^.M. Marey, who haaJB- 
Teetigated this subject very extensively, adds to bis researches a note to lb( 
" Comptes Itendus " [February 2Stb, 1673]. lie has already shown that tit 
wing of the bird describes no ellipso. Tie states that the graphic Itkm 
which have enabled him to come to this conclusion have also allowed hbato 
determine the height of tbe wing at each moment, consequently he hM 
been able to deterrabe the velocity with wbicb either tbe devalioii « 
depression of the wing is affected. But he says that to determine the n 
done by the bird, to ascertain the resistance which is opposed by tbe air each 
moment to tbe movements of elevation or depression of tbe wing, it i* 
necessary also to know tbe angle at which this orgnn strikes the air. "" 
resistance, it seems, varies enormously in the c-ase of a bird's wing, accord- 
ing as the motion tskea place parallul or perpendicular to ils plane. '" ' 
question is then, with the aid of dingrams, pursued by the author. 
believe, too, that a very inteteaticig paper on this subject has beun pab]i4hiid 
by Dr. J. Bell Petiigrew. We have not seen the pajier itself, hut the " Edin- 
burgh Medical Journal " for Feliruary contains an extremely ravoDrvhl* 
notice of it. 

IJme fhe Nerves end. — Dr. Lionel Beaie, F.R.S., has had n paper oi 
subject in the " Monthly Microscopical Journal " for January. 1S72, to which 
he endeavours to forward bis opinion of tbe termination and distribution <A 
nerve-fibre. This was apropoi of a controversy mluch Ims taken i 
between him and Dr. Klein, who we believe has a paper on the subjnct o( 
nerves, which will appear in the "Monthly Microscopical Journal " for Afril. 
Dr. Beale states that Dr. KJein showed him somEi drawings of the tiuroiat- 
tion of the nerve-fibres, but he adds, " His Bpscimeiis were prepared by fh« 
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aid process, and give a diOerent idea of tbe distribution of the nerres 
> thftt «ffonIed by mine, some of which are ten jeiirs old. My own conclu- 
ioiu on the ulUmate distribution of uerre-fibres were formed aeveral years 
go, St a time when terminal neire networks were denied in Genniiny, and 
rben it was supposed that only in a few exceptiontil cnses did iJie nxis 
ylinder of a nerve extend beyond the white substnnce. Not only are my 
etworks of pale nucleated ueire-Bbree now accepted, but it id maintained 
h«t much finer networks of nerre-fibrex ramifying upon and amongst 
pithelial cells and other elementaiy pnrtf, and even upcu aa individual maaa 
f Inoplasm (nucleus), have been demongttated. At present, however, I 
sniiot regard the observntions upon which il is thought to establish this 
■iew more conclusive than those which (i few years since led many to the 
onclurion that the axis cylinder a]inf>f? from the nucleus or nucleolus of tbe 
«ntnd nerve-cell." 

.Yyfo/, the n«c Remedy for Snmll'iHj.r. — The '' Chemical News '' for 
■"ebniary IG contains an interesting note on this subject. It jeems that the 
Jerlin " Kliuiscbe Wochenscbriff" states that Dr. Zuelzer, Senior Physician 
it tke ChoriU Hospital, had there admiuistered xylol in cases of small-pox, 
ritli the most complete success. It is given in doses of from 3 to 6 drope 
br children, 10 to 15 drops for adults, every hour to every three hours. It 
■ harmless, because as much as a leaspoonful at a time hai been taken. 
The most convenient form of taking it is in capsules, as already supplied by 
\ Berlin firm, and containing 3, 6,8, and \'2 drops each. The specitic action 
a Dot yet clearly defiued, but early infocmiition on thiii puiut is promised. 
rhe theory at present is that xylol is token up by the blood, and acts as a 
lisiofectant. The absolute purity of the xylol ia important, as toluol and 
>tlier analogous compounds do not possess this peculiar action, and it seems 
ihere are some practical difficulties in obtaining xylol absolutely pure. 

Antapmitm between Fhytoitigma and Atropia. — A very valusbU paper on 
:bia important therapeutical subject has been presented to the Royal Society 
>f Edinburgh by Dr. Fraser, who we may regard as the first scientific British 
iheirapeutiat. We regret that we can do no more than refer to the paper, 
lecaiise the "abstract" contains a plate without which the substance of the 
taper would be unintelligible. 

Fatal Dole of Chloral BydraU.—\ii. B. W. Richardaoa, T.R.S., has had 
Kpiinted from the British Association Reports for 1871 his own special 
«poit on tbe physiological action of organic chemical compounds. This is s 
noat valuable and, we need not say, most interesting paiier. It deals with 
WTetftl substances, and first of all comes cbloral hydrate. He has endea- 
roored to ascertain what is a dangerous and what a fatal dose of chloral 
hydrate. The conclusion at which he has been able first to arrive on this 
point is, that tbe maximum quantity of the hydrate that con be borne at 
one dose bears some proportion to the weight of the animal subjected to its 
mflueni^. The rule, however, does not extend equally to auimals of any 
and every class. The proportion is practically tbe same in the same classes, 
bnt there is no actual universality of rule. A mouse weighiu^ from three- 
qnaitetB of an ounce to an ounce will be put to aleep by oue quarter of a 
gnin of the hydrate, and will be killed by a grain. A pigeon weighing 
twelve ounces will be put to sleep by two grains of tbe hydrate, and will be 
VOL. II- — KO. XLIII. P 
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killed bj five grnns. A guinea-pig weigking oxteen ounces will be put bj 
two gruoH intn deep sleep, uid by live gnina into fatnl sleep. A. nbUt 
weighing eighty-eight ounces will be thrown by thirty giuna into d 
sleep, and by dxty grmns into fatal alee)). The human subject, weighin; 
from one hundred and twenty to one hundred and forty pounda, will U 
made by ninety grains to pass into deep eleep, and by one hundred and IhRj 
gruns into a sleep that will be dangerous ; llnally, ho concludes that a i 
of 180 gruna ia a fatal dose. 

Ancommodaium of Ihe Eye. — Dr. W, E. Dudgeonb one of the last obMirea 
who has giren ns his views on this subject. Ilis opinion does not vfftu 
veiy well supported, but it ia briefly as follows : — 1. There is no inciuuc 'm 
convexity of the surfacBs of the cryataUinc lens. 2, That the required 
shortening of the focus of the crjstalline is effected by a slight movemw 
of rotation of the crystalline from without inwards. 3. That the couttw- 
tioD of the pupil during this net corrects any tendency to the fonnutioa of 
a blurred image on the retina by cutting oil' the more obliquely inipiDgrng, 
and, therefore, auperlluous rays of light. He rathpr fails in determining lh» 
cause of the motion. Still the paper ia interesting, and those who consult 
the nommopathic Journals, in one of which it appeared, will do well tu 
consult it 

Diimert at Ponipeii. — The Pompeian dinners, according to the "I 
Journal " for January, usually complied three courses. The tiret connaled 
of egga, olives, oysters, salad, pickles, &c. ; the second of made diahev, Gib, 
and roasts; the third of pastry, confectionery, and fruits. From a painting 
diacovered at Pompeii we have the representation of a large feast io ihoai 
days. An immense dish cootajning four peacocks stood in the centr 
the table, surrounded by lobsters, one holding a blue egg ia its daiiK 
another a stuffed rat, another an oyster, and the fourth a basketful "t 
grasshoppers. At the bottom af the table were four dL<bes of Gsb, ini 
above them partridges, hnrea, and sriuirrels, each holding its bead betwcCD 
its paws. Tbia was all encircled by a sort of German aansage, apparently) 
and then came a row of yolks of egga; a row of peaches, melnni, aul 
cherries ; and lastly, a row of vegetables of different aorta. 

Tht Intalinal Movements. — In one of the Vienna Ktedical Jonmall bt 
last year, Dra. Mayer and liasch are led to conclude, after a long serii 
eiperimenta, that the cause by wbich the intestinal movements are produc«d 
is primarily the presence (especially the afflux) of the venous b1o(>d in t^ 
intestinal walls. The previoualy-recognised iirreativu action exercised hf 
the nervi-splauchnici upon the intestinal movementj may bo explained oa 
the same principle by the vasu-motor librea which they contain. 

Sow Ctwein m formed in Lactnal filaiiiti. — It is stated in a recent nai 
of Pfliiger's " Archiv " that Dr. Daeubardt succeeded in ezltacUng, froo 
the lacteal glands of suckling guinea-pigs, a bod; which, by the addition 
of a mixture of the white of egg and carbonate of soda, was capable of 
forming casein. The doctor deduces trnni this that, as by a ferment of Ih* 
saliva sugar is produced from st&rch, so by this ferment of the lacteal glatidt 
casein is produced from the albumen, 

A peculiar Aspirator, which ia speciaUy recommended for tboracentwur 
has been invented by Dr. Vald. Basmussen, of Cophenbagen. The distine- 
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tire cbarscter of the instrmnent depends on the substitution nf a two-wnter- 
wmj stop-cock for the two eeparate aod single cocks in Dieulafoy's upperRtue ; 
but, mote egpecially , on the inaertion of h vent-piece nf peculiar mechaaism, 
in the stead of either THeulafoy'fl two ordin^iy atop-cocke, or the two-water- 
way etop-cock. The most important advantages claimed W Dr. RA^niuaaen 
for hia inatniment Me briefly the following : — 1. The operaticin with if is 
perfectJy &ee trom danger. -2. With it the Huid can bo completely drawn 
off, or nearly so, if deaired, -without the eDtrance of any lur into the pleurAl 
cavity. .3. It is posable to remove even the Emalleat collections of duid, 
whether such exist &ee in the pleura, or are encysted. 4. The fluid con be 
dnwn off slowly or quickly, at pleasure. 0. Relapses are far less frequent 
than after the performance of the ordinaryoperationof thoracentesis. 0, The 
irutruinent is so amall that it doea not frighten the patient, and the method 
of usiog' it is »} simple that the operator can almost dispense with any 
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Mttaiiurgy in Aacient India. — In Mr. Foibes's, F.R.S., report on the pro- 
gress of the iron and steel industries (February 1872), we have given, ns a 
proof of the antiquity of icon smelting in India, and also of the large 
linyingB in wrought iron which could be executed by a people who now 
appear to have entirely toet the art, the fai:t that Mr. Mallet has directed 
rttentJon to a wrought iron pillar situated at the Mosque of the Kutub, 
near Delhi, which must be more than one thousand, and may be as old as 
fifteen hundred years, yet is as large as the screw-shaft of some of our 
largest steamshipa; that port of the column above the present level of the 
smI being 48 feet high, with a diameter of \G-\ inches at the hoae, and 12 
inches at the lop immediately below the elaborately chiselled capital. It 
is calcnlated to contun abuut SO cubic feet of iron, and to weigh not less 
than seventeen tons. 

Slf<l in Sew Zenlimd.— It seems [the " Tiroes "] that the iron-sand, aa 
taken &om the beach, is mixed with nn equal quantity of day and of the 
Didinory sea-sand, which contains a liirge admiituro of shell ; tbe^e mate- 
rials are worked up into bricks, which are hardened in a kiln, broken ap 
into uwgular pieces, and smelted in an ordinary cupola furnace. The 
prodoct of this simple process is cast steel of the lineat poaaible tonture, 
from which some beautiful spccimeua of the finest cutlery have been 
mannfactured. These experiments were conducted by a mechanic in the 
government employ, who was restricted to an expenditure of lOOL, and 
wu, therefore, only able to erect a fiumace of the most temporary descrip* 
tion; he, however, succeeded in producing, at the first and only trial, 
i cwt. of steel in the manner described above, and his success seems likely. 
to lead to further and more extensive eSbrta to utilise the almost inex- 
haustible deposits of this ore which exiat at Taranaki and elsewhere. 

Sfparatim of Fhoi/ilionii in Fudilling. — According to the " Berggeial^" 
No«. 92 and 04, for 1871, some trials made at Tbale in the Harz, in puddling 
Ilseder pig iron along with 1^ per cent, of its weight of fluorspar, have 
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resulted in prcidiioing' n fibroug bat iron vrhva mlled. ^tllieh U not nt 
[M)ldshort; a lesitlt Altogether unexpected, since this pig irou ie known u 
one of the clieftpest brands of Gennutt iron, for notwithgtcnding ilitl ii 
coutnins from ^ to ii per cent. mang-aDese, and onlj about 01 p«r cent. <j! 
aulpbur and ^Uicon. it has, on iicciiuot of ita large perceota^ of phoaphonu, 
been much mare diificult to i>ell than the common irons, like that mx^e 
from minette, which onlj contaius 0*2 per cent, of mnnganese, but is, bow- 
ever, not m rich in phosphorus B» the Ilseder pig:. — Vide Forbea's Stfcrl, 
February 1872. 

Chromium Steel.— Cfat rteel, in which the carbon U in part or iriioIlT 
repUced b; the metal chromium, ia attracting coiuideTable attention in ll« 
Cuited Statefl, where, says Mr. Forbes's ''Report" (February I67i), ■ 
company, called the Chrome Steel Company, now produce this etecl in 
lart;e (luontitied by processes patented by a Mr. Bauer. It is claimed &t 
this ateel that it is capable of sustaiuiog a ^ater de^ee of heat ibu 
ordinary steel, arid, consequently, is not eo liable to become oxidised or 
" burnt " in workiug. It is said to work quite iib enf^ily, and to roll in 
more emoothly than ordinary steel. It U dialed In be mode in crucibles, but 
otherwise we bare no details of the mode of manufacture. According Ut n 
report of Captain Ends, chief engineer to the Illinois and St Louis Bridgv, 
this ateel has been employed in those parts of that bridge where ivry 
great strength was required with perfect success, uotwilhstnnding thai 
anchor bolls and Btaves made from the usual cast ste«i bad, u a rule, 
failed to sustain the tests fixed hy the terms of the contract. 

UaHp up Old Iron.~A.t the rolling taills of the Southern S^va; in 
Gratx, the old roils, crop ends, and scrap are heated in a gas furnace, ud 
then added to a bath of good (trey pig iron, melted with some spiegele!s«D 
in a Siemens- Martin furnace. When the sample shows that the deiifri 
quality of sleel is nttained, the metal is tapped into large pouring pOti 
lined with clay, from which the ingots ate filled. The bottom of tho 
furnace ia made of quartz sand, so arranged as to be kept cool by n cumnt 
of air, whilst the sides and roof are of Dioas bricks. ("ZeitKh. d> 
Deutach, Oesterr. Eisen. Stahl. u. Masthin. Industrie.") 

Sptctmtn rf W(Jfram from Trumbull, Cunnecticut, U.S.A. — At • 
meeting of one of the American societies Dr. L. Feuchtwanger exhibited 
on interesting specimen of wolfram. It consists for the most port of 
scheelite (tungstale of lime), but «t places this mineral has been replaced by 
the wol&am l^irnn and manganese) taking the place of the lime ; but th« 
crysiaUine forui of the scheelite has been retained, so that we ban 
remarkable example of pseudomorphism where large ci^stab appear baring 
the form of scheelite, but composition of wolfram. This is atat«d by 
Dana *to take place by the action of a solution of bicarbonate of iron i 
mnngviese, or perhaps mainly thiough sulphate of iron arising from tho 
decomposition of pyrites. He also exhibited a finely crystoUised speciman 
of pyrargyrite, a sulphuret of antimony and silver, coDtaining from 5S to 
00 per cent, of the latter metal, from Germany. 

V'hal it Onopi-ilet — At one of Ibe meetings of the Lyceum of Now Yotk. 
Dr. L. Feuchtwaoger exhibited a specimen of a mineral which luu gom<§'| 
the name of Ouoprite. It is a stilenio-sulpbide of mercury, uid ^H^H| 
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obtained hj Del liio Dear Sao ODopre, in Mexico. II. Itose has made an 
anatjNB of it, abowing 6-40 per cent, of Belemum, I0'30 of sulphar, and 
81-33 at mercury. The spetHoien exhibited was not &om the origioal loca- 
lity in MexicD, but from the Santa Clara Mine, in Lake Connly, California, 
near Clear Lake. It waa of particular interest, on account of its locally 
being associated ivith the Ciannbai of California. Latel; it has had the 
name of Tiemanite bestowed upon it. 

CryttaliUtd Qreeit-coiotired Fel^ar. — Mr. R. Dinwiddle exhibited to the 
New York Lyceum of Natural Jiiatorj epocimens of crystallised Grefln- 
coloured Felapar, from what is kiiowo aa tiie Sea Wall of Mount Desert 
Island, Maine, where it occurs not very commonly in scattered particles or 
cavities. iSlany of the crystals were remarkably perfect, and appear upon 
superficial examination to be peculiar. The colour in most of them is vei; 
bright ; often light but brilliant, and frequently not extending throughout 
the crystal. 



^B MICROSCOPY. 

Tht Cilia in JHoUuikt. — A moat interesting paper is that of Professor 
"Wyman in the "American Naturalist," in which he deacribcs a aeries of 
experiments which he recently conducted on this subject. The first of the 
set of experiments were made nith water. For these the pills of Unioa and 
Aoodontas are well suited. Their cilia are quite active, and Tibrate in such 
directions, that on the inner gill the motion ia/rom the free edge, and on the 
outer to it— facts which tba experimenter ahould keep in mind. If an inner 
gill is cut away from its attachment and laid on the bottom of a flat dish, its 
cilia acting aa lege, it will soon begin ta move with its/rre edge forwards, 
and win in the course of time trnTel the entire length of the dish. Professor 
Wyman has seen a whole gill move ten inches in four hours. Under similar 
circumstances the oider gill will move with its base or ml edge forwards. 
This difference depeuds, aa will be readily seen, upon the fact that the cilia 
of the two gills vibrate in opposite directiona. The result of ten experi- 
ments gave the rate of motion of a piece of gill meaaiiriog 12mm, by 14mm., 
Gmm. a minute. If two outer gills are laid with their free edges towards 
each other they will nt once begin to approach, and it frequently happens 
after meeting that one crawls directly over the other. 

Itevdopment of Comatula. — Herr MetscbnikolV has lately published, in the 
Bulletins of the Academy of St. Petersburg, a valuable paper on the above 
subject. To hia surprise, he found no water-system whatever in thic 
Echinoderm, nor could he trace anything in any way homologous to it; 
aiso discovered that what constitutes the water-system of adult Crinoida, 
which has always been homologieed with the water-system of other Echioo* 
dorms, ia developed in a totally ditfereut manner. In the free-animming 
Comatula krva the hag-like digestive sac ia the only organ developed ; it 
becomea the digestive cavity of the adult after the larva attachea itself tc 
the ground. He noticed the tentacles as diverticula of the digestive sac in 
the interior of the larva; these subsequently force their way through to the 
irior, at the time when the digestive bag has become further differentiated, 
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and 18 provided trith a moutb openiiif; in the cenRv of ibe oval Htk, win 
ftniu opciiing DOl &r from it i>a the side of the calvx. There ia torati M 
this Htage A large canty which divides ioto two puts ; iho ttpp«r put, 
uniting the hollow tentacles at their base, fiinns tlieao-called ciirular csDa); 
while below it, and connecting^ with it, wn have n large oivity formiD? the 
peririBceral cavity, a mode of de\elopment of the drcular rinp and <jf At 
periiTHCeral cavitv totally unlike that ohserved in Opbiumnt, StarflthM, 
Echini, and Ilolothuiiaa?. Metscliniknff compares the mad<> of derelopinfflt 
of the upper and lower cSTity to analogrouD prncosaes in the embiyank 
growth of Alcyoneltn and other Bryozoa; he traces a striking rimilaiiti' in 
the structure and positioD of the digeetiTe organs and tentacles with ainulv 
orgnns of Bryozon, 

Nmi^r of the Scads iu Sarirrtla gemma, — Dr. Pigott, in b paper in Oir 
" Monthly Micmicapical Joumal " for March, says that the Surirtilla gtmmi, 
ordinarily a line object, pvM up beautiful beads. In the photopajitut 
presented to him by Colonel Woodward he counted with a pocket liuti 
thirls beadi, and carefully inserted the points of a pair of fine compaaws islO 
the centre of the^rii and Ihirty-Jirist bead bo as to give Iho exact matmat- 
ment of thirty beads. This he found to be on Photograph ztd. 
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This appears rather too great. Purtunately, he says, the Colonel hasaeiil 
him two photographs of the same diatom. The latter is not quite 3^ timet the 
nie of the amollrr. If, tberefor«, the magnifying power employed be u 
atsted upon the smaller one, 103^4, the second photograph is magnified not 
3100 times, but 

2200 times, 
which gires neailv 

fiO,000 beads per inch. 

The JUanvfaetiire of ObJeci-gUmet. — A diacuasion haa been for some ttau 
going on in the ''Monthly Microscopical Journal" between Mr. Wetihui, 
our highest £ngli-h authority, and cert^n American miuroscopisls, otk tUf 
subject. Among other papers is one by Mr. E. Bicknell, in which, obwrTini; 
that Mr. Wenbam says : " In aiich a ditKcult and comple;! &rnng«a)<iit •> 
a high-power objecl-glass it ia almost impoaeihle for all the maken to 
work to the same magnifying standard," he remarbi : " I would lik* tt\ 
inquire where all the much-tnlk»d-af mathematical forniiilBi are F DoM be 
mean to intimate that the best opticians work by ' rule of thumb f ' <X 
that it is guesswork? I have been supposing all the tlmi.' since I l>woiin« 
intereit>.>d in the use of the microscope, and seeing: such terms n« * indos of 
refraction,' 'dispersion,' 'light flint,' 'heavy flint,' and 'Faraday flint,' 
' crown glass,' .tc., that there tvere some mathematical fnrmiiln involnd 
somewhere in the construction of object-glaases i possibly this 
by Mr, Wenham may account for the discrepancy between the 
the nctaal power of some objoct-flasses." 
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Elion of Amphipte\iru jielliicula. — Mr. R. K ToUes, an American 
pist of coDraderablenote, atfttea, asa fact of interest to microscoputo, 
that the resolution of AmpMplfura jmlladda is not Kn,y long^er b, difficult 
achievement "With ii true j's"'"- "^ ""ly '•■'^i '"^ ''" 'A"" '^^"t ^^ ^^ 
repeatedly and plainly lined the valve, iistny etmUffht and blue celi, the eped- 
meo of A.pdtudda being one supplied tn him as a proper teat specimen by 
JJr. J. J. Woodward, and received by him from London. This performanca 
was not dependent on any apecial merit in the objective — any good immer- 
fiian i^th would do the some thing. To accomplish this he used a nairow 
ang-led 1-in., 10° swinging under the stage of the microscope as a candtnttr. 
This 1-ia, was placed at the incidence (O'bliquity to the axis of Mic) 46° or 
ten. The focua for parallel (aun's) raja a little outside of the object. — 
MoiUldi/ MierOKOpical Journal, March. 

Dr. Seals'* Mode of Dermnutrating th» MicroKOfnc SlruEture of T'ibum.— 
The mode is that which he hiw followed for more than t«D years, and whidl 
in his hands has been most succeaaful. lie feels sure that it is capable of 
further improvement in practical details, and that, upon the principles whidi 
he has laid down, delicate structures, which have not yet been seen by 
man, will be demonstrated by patient and well-practised observers. The 
proceas ia troubleaouie, and for thia reason it has not been in much favour. 
Id these days inveatigntion must be conducted with such baate, and 
new facts discovered so quickly, that there is little chance of getting many 
persona to spend sufficient time in mere practice to enable them to gain the 
lequi^te skill for the very much more miuute inveatigation of the structure of 
the moat delicate textures which is now so much required, and which mudt 
be cairied out before we can hope to arrive at pnsttive CDnclusions on funda- 
mental anatomical questions of the (rreateat importance. — M. M. J,, March. 

ObUgtte lUuminaiion. — Dr. J. Miller gives, in the "Microscopical Journal" 
for January, an account of Col. IIorElej's cylinder for this purpose. Thia 
instrument is 1^ inch long, imd \\ inch in diameter, made of brass tube 
■ilvered inside. The light ia thrown on to it either directly, or from priam 
or bull's-eye used aa a priara. A dark ground is easily got with low angle 
^inch, and without trouble or loss of time the hemispheres of Angulatom 
are shown very beautifully. The first apparatus was made by silvering the 
indde of the tube of the euWtagc which carried the polarizer; thia was 
dose by rubbing on it a solution of nitrate of silver, to which hyposulphite 
of soda had been added. This eilrers braas with a good surface, and mode- 
rately permanent, in n moment. 

Prxia fur London MicroteopisU. — A aeries of prizes has been ofFered by 
the Countess of Ducie lo those who work at the prinds and streams of the 
London neighbourhood. The prizes are three in number : one bi, one 3/., 
and one 2/. They are to be awarded on March 31, 1873, The conditions 
maybe had by writing to Secretary Natural History Prizes, 100 Fleet Street, 
EC. The adjudicators are Henry J. Slack, Esq., F.O.S., Secretary of the 
Royal Microscopical Society, author of " Blar^-ela of Pond Life," &c., &c., and 
Walter W. Keevea, Esq., F.R.M.S., AaMstant-Secretary to the BoysJ Mi- 
CToaoopical Society. 

) A New A'nmcan Mia-oiKopical Journal. — Just a" we go to " preaa," the 
^^^■t number of the new Chicago journal reaches us. It is c^ed "Th0 J 
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LeoB," and will be publisbed quarterly. Thia tiombpr reprodoMS a p«p« 
■nd plttto of Mr. Jobowin'a from itie " MooiLly MicToscopicnl Jourasl,'' hoi 
it hu other Don-UiustraWd pupers wMch are Tcry good indiwd. We wuh 
" The Lena " ereij bucmm, and we fvei certain it dewrvei a hNiHy wtlcom* 
from microscopicij readers. 

A A'ew Erectiny Arrani/eiiitnt ftir Sinoculari Iiaa been drsnihed b; Hf. B. 
H. Ward, U.S., in " MoDthly Microwopical Journal " for Januair. Siii>i> 
Urly Mr. Biephen^oa, F.li.M.S., hua described aa immenee iinproveraent in 
bis binoculHT airan^emeDt at Ihv tnat meeting [March 7, IS'il] of th» Bajii 
Microscopical Society. 

A A'rtc Micromi'Iric ffimiometer Si/e-pira hue been deacribed lijrMz. J.ft 
SoDthworth in Sillimon's " American Jotuaal " (ly Uecembw 1971. 

Mierotcopical I'apa-i/nr the Quarter. — The following' papers h»»eappeBai 
In the " Monthly Mierotcopical Journal " for the three monthi, JuinB;, 
February, and March : — " The Maikingu on the BatUedore Bcale* of mum of 
the Lepidopiera.'' By John Anthony, M.D. Cantab., F.R.M.S,, icc~"Tl» 
Nerves of Capillary Vessels and their Probable Action in Ht<a]th aid 
DisOMe." Dy l*r. Lionel S. Beale, F.B.S., Fellow of the Royal Colleprf 
Phyaiciana, I'hysicinn to Kinp's Collegu Hospital. — ■' Note on Dr. Bamaid^ 
Bemarke on 'the E^camination of Nobert'a Nineteenth Band.'" By J. J. 
Woodward, AaHstant- Surgeon U.S. Army. — ''A New Erecting Amuig»- 
ment, especially desipied for U»e with IMnocular Microscopes." By R. B. 
Ward, M.A., M.U., Professor of Botany and Microscopy in BenaselMC 
Polytechnic InMitute.— " On a New Micrometric Goniometer Eye-pcce Ctt 
the Microscope." By J. P. Soutliworth. — '' On the Acdon of HydJoflBariA 
Acid on Glass viewed Microscopically." By H. F. Smith, E«),— " On Ht 
Relation of Nerves to Pigment and other Celb or Elementary Parta." Dj 
Dr. Lionel S. Beale, M.B., F.E.S., Fellow of the Royal CoUi.-ge of Pbjii- 
eians, Physician to King's College Hospital.—" Report on Slides of IsMrt 
Scales." Sent to the Royal Microscopical Society by Iht^ Chevalier da 
Cerbecq, accompanied by a leiter. Eiamined hy Henry J. Sbtck, Sea 
H,M.S.— " On the Strncture of the Stems of the Arbore«ent Lyco)>ndia«M 
of the Coal-measures." By W. Carruthers, F.K.S.— "On Bojr MosaH.' 
By R. Braithwaite, M.B., F.L.S. — " The .\dvancing Powers of MicTNiMO^c 
Definition." By Dr. Royston-Pigott, M,A. Cantab,, M.U.C.P.. F.C.l'.a, 
F.R,A.S., M.R,I., F.R.M.S.— " Microscope Object-glasses and their Poww." 
By Edwin Bicknell.— " Remarks on a Tollea' Immersion ."ilh. " By Ediria 
Bicknell. — •■ Mnltwoad'fl Finder Supplemented.'' By W. K. Bridgman.— 
" On a New Micro-telescope." By Prof. R. H. Ward.— The Itewdaofa 
Address. — " Jlyceloma : the Fuugus-foot Bisea^ of India." By Jabn 
Hogg, Surgeon to the Royal Westminsler Ophthalmic Hoapital, Hon, Ssc. 
R.M.ij., &c. — "The Advancing Powers of Microscopic Defiuitlon." PaitU- 
By Dr. Koyston-Pigott, M.A. Cantab., F.C.P.S., F.R.A.S., M.R.L, F.RjtS, 
formerly Fellow of Sc Peter's Coll., Cambridge.— -The. ^jnericanSpanf^Uit 
a craspedote, tisgellate Infosoiian." By O. James-Clark, A.B.. h.iL, Arf 
Nat Hist. Kentucky University, Lexington, Ky. — "The I^fmctira Poma 
of Peculiar ObjecliTes." By Robert B. ToUes,' U.S.—" A Few AddiliMiil 
RemnrkB on 'The Examination of Nobert'a Nineteenth Band.' '' Dy~ 
P. Barnard, Columbia College, New York, 
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PHYSICS. 

" 77i* Sptetruiii t/ I'ranu).— In the "OompteB RenduB" (Febnmry 26, 
ld72) Father Secchi hea a pnpcr which contftins the following results. He 
8fty9 tb»t during one of the tine evenings of Febmsry he has been examining 
anew the ■pectnim of Urnnus. He etatea that be has found the three 
baads that he fortuerly observed: one in the red, one in the yellow, and the 
ihitd in the blue ; this latter coincidea really with the line aa pointed out by 
Hr. Haggine and M. Vogel, contrary to that which he believed he saw at 
the period of the discovery of this curious spectrum. But he saya that th» 
band of the rgd requires, in order to be visible, an otniosphere perfectly 
clear. He is not surprised therefore that it has not been observed. 

An Appanituifue Stadi/ing Vilirnltaii. — We hear of an ingenious con- 
trivuce for the above, which has been invented b; an American geotlemaa. 
A disk of white cardboard, with apertures oblong in radial direction, is set on 
a apsdle, so as to be rotated at any requisite speed. To examine, for in- 
stance, the flame of n gas light (in a glass tube, to prevent disturbance hy 
air currents), place the disk in front of the light, ao that the eye can see the 
light through each slit as it comes to a vertical position. If the speed of 
tfaa disk's rotation is such that the intervn.1 of time between two slits pnsa- 
ing the eye is just equal to the period of a vibration of the llame, the flame 
appears to be motionless ; but if the velocity be reduced, the flame is seen 
to go slowly through its changes of form. If the interval be equal to, or one- 
half of, or jne-third of, the period of the vibration of the light, the illusory 
appearance of a diek having as many as, or twice, or three rimes the number of 
slits really in the di»k is seen. This phantom disk will appear to be motion- 
leas when the periods coincide ; but when otherwise, it revolves in one 
direction or the other. It is obvious that the vibrations of tbe flame can be* 
«a<Uy counted by this means. The inventor, Mr, Charles J. Watson, 
counted with a aisteen-inch tube, 4S3 vibrations of the flame per second. 
By this instniment, the undulation of the vibrations of a wire can be seen 
to travel up and down the wire ; and if watched by both eyes through the 
ilil«, the apiral course of the undulations can be observed. 

A Nrw Souree of Electricilij hf^ been discovered by Dr. James St. -Clair 
Gwiy, and is thus reported. There was prepared a cell containing a 
folutjoD of caustic-potash, in which phosphorus and aulphur, both in sticks, 
Tore placed. Within half an hour the phosphorus waa reduced to an 
oily mass, perfectly mobile, occupying tie lower part of tbe cell; the 
lulphur was not at first affected. The temperature at first roae consider- 
piWy— about 20°— but this soon passed off, and the solution returned to 
tbs temperature of the surrounding medium, varying from 56° to 00° F, 
During the firat six daya there waa a constant development in email quantity 
of phospburetted hydrogen in the spontaneously inflammable form; bill I 
tftut that time, although phospburetted hydrogen still continued to bft I 
"rolved, it no longer ignited apontaneously, thia being probably due to 
nmultaneoua development of sulphuretled hydrogen, which began to be 
tthaled in apprecinble quantity about thja time. At first the aulphur wal 
littU affected, but at the end of ten days it was found that at the point of 
<a of the phosphorus therewith, ther'e had occurred considerable loss of 1 
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Bubatance. In the solution there were produced auljihtte itnd plie^iUI^ 
bj^9ul])hit@ and bvpophoEpbite, and flight traces of sdpbatQ&ndpfaM^iti 
of potassium. At the end of three months the cooditioiu were etUl HOch 
the BBme: the phosphorus was etill fluid and motule, the sulphur bkir 
eroded, llie same products present in solution, though increaeed in qiunlitj 
and somewhat altered in the ratio which the one solt boio tothe other; im 
allowBoce being mnde fur increase, the proportion of sulphate and phofphala 
was grrenter. The electridt; which was subsequently proved to be dmeliipd 
was found to be greater than that produced by an ordinuj DnnleUa eeB, nd 
it lasted for more than three montiui. 

TheCoioitro/FluoreicentSolutiimi.— Bt.U.Mottaa hoe sent U) a luteam- 
ber of Silliman's "American Journal" a paper desriibuig espeiimecti of Ui 
which stutain the interesting conduuon that "all the familiar fluoneuat 
solutJons, such as the tinctures of turmeric, of agaric, of chlorophjl, ud 
the solution of nitrate of uiimium, emit lights of the siuue colou d 
fluorescence — namel;, blue, identical with that developed bf add siltt ^ 
quinine." 

7%0 Mode af Production of the Aurora BoreaUi. — An important paper, If 
Herr Zollner, in which those who- are engaged in spectroscopic inquiriet vil 
be interested, appears, in roggeiidorfi''s "Annalen" (cxli. p. 674}. Aft* 
some preliminary discussion, he saVB that a layer of ignited air 1*° in ihi^ 
iiess would, at a height of ten miles, be eqiuvalent to a pressure of ?8~, 
and at a height of twenty miles, to a preesure of O'Ol™" in a Getsslei's toh^ 
in order at the same temperature to ^ve a spectrum as bright aa that of Ih) 
aurora. But as the thickness of the lajei of ignited atr must be reckooid 
by kUometera instead of metera, we should hare, even at a height of ten 
miles, 80 high a value for the equivalent pressure tu a Geissler's tube— TP 
of mercury for a layer 1 kilometer in thickness— that the most pownfo! 
induction apparatus could not overcome the resistance of the oil. EW 
this it follows that the quanti^ of particles of ignited air in a Qeiab^ 
tube is probably extremely small when compared with the oc^nw quBBlilJ 
in the case of the aurora. Since, however, the spectrum of a gas in sneht 
tube must have at leaet the brightness of the auroral spectrum tn admit oT 
spectroscopic analysis, it follows that the emis^re power of the particles of pt 
ignited in the tube must be much greater than that of the iiraited gamn 
particles in the case of the aurora. Such a'diflerenee can be prodaoed ai^ 
by differences in temperature. If, therefore, the light of the aurora de] 
on ignited particlea-of our atmosphere, the tempemturo at which th« 
tion takes place must be much lower than that at which the same 
can be ignited by electricity iu Oeissler's tubes. From theso 
tions it appears that all the gas-t^ctra of the diflereut orders whisb 
can artifieislly produce belong in general only t« high tempentuies, ■ 
the relatively greater briirhtncss v,ith le^ quantities of ignited matter (■■ 
den a greater omisiuve power neccsaary, and this can be produced only hf I 
lugrher temperature, Converiely, aa in the case of the aurora, otmoi 
JEOdiacal light, kc, a great number of active luminous particles miut'b 
Wiumed to exist, it follows that the temperature of the ignited gaoea vat 
be rdativoly low. 

■A Ktw Modt of li-odiiciny ^'JtreoiwpK Effect. — The foUomog UOM 
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b token from a recent cumber of Zcbender'a " Monatsblatt " of an 
experiment of Listjng, who hue already done eo much in phydolopcal 
optics. It brings out stereoscopic effect ■with only one pictnre, which 
ctnei^ta of figures arranged in a peculiar way, acd seen with vertical 
doable images. The amplest experiment is to view two lines cross- 
ing each other &t an &ngle of about 30°, with a prism 
of 4° or S", its base vertical before one eye. Ko effort 
must be made lo correct the verticd diplopia. If the priem 
be put before the left eye, iU bnse upward, the line fi B' 
seems nearer to the eye than A A', If the prism be turned 
with its boae downward, aod before the same eye, the line 
A A' seenu nearer, and BB' more remote. It is found that 
with the btise downward the prism must bo weaker than 
when turned with the base upward. In gaining the effect by 
prisms so weak its the«e, no double vision is produced except 
for horizontal lines— the oblique linee appear lo be only two. 
The same phenomenon mny be produced in a common stereoscope by having 
two omilor figures, and pushing one atttimately up and down. Two rows 
of the same letters are arranged on a page like the limbe of the letter X, 
and viewed as above stated with a vertically deflecting prism ; a sudden 
removal of one now takes place to a considerable depth, while this appear- 
•sce is at once teTer>^ed on turning the prism around 180°. These curious 
•Sects can be best produced and understood by means of the diagrams 

[panying the article, 
I Bd( 
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. TraniamdentalUm hj a former Traitscmdmtalut. — In his 
I address as President of the Koyal Microecopical tjodety, Dr. 
. Kitcben Tarker, F.It.S., mode some obseiratioiia on tbo transcendentalista 
and their school which wo think of importance. Thirty years ago, aatd 
Dr. Parker, his favourite author in these matters was Sir Charles Boil, a 
^ood type of the Paley or Mtnesa echooL Such good reverential men 
loTod to trace the handiwork of an infinitely clever Coidriier, who brought 
oiganismB into being in a moment — monads or whales — the plan of each 
tutving been perfected beforehand by a mode of thought pecuharly human. 
Looking from another standpoint, and yet reverent as they, he has no 
quanel, even now, with this school. They but saw and understood things 
in an cj' parte manner, pleased with a fitness, delighted with a plan. There 
are deeper meanings than Ihesi! in the vertehmte organisation ; and as early 
as 1790 the great poet andmorphologist, Ooothe, began to get some glimmer- 
ing* of a gorgeous morphological scirace unimagined by earlier observets 
and limited thinkers. In 1607 Lorenz Okeu took up, worked out in his 
peculiar way, and went somehwat mad upon this most fascinating subject. 
He had several disciples, and tbe greatest of these was our own country- 
man, Richard Owen. " I could almost hnve wished," said Dr. Parker, " that 
tbe 'transcendentalism' which grew out of these oblique glimpeca, partial 
Hiid fitful, in the dawn of a new era of biological science, had never leachod J 
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our shores, and that we bad passed dii«ct from the Ubonn <if the gnU 
' gradationaliat,' Baxnn Cuvier, to those of the Oeratan emhtrolt^tiat, ndi 
as Baer, Reichert, and Rathke. These men did indeed lay a fouodWc*, 
deep and wide, by Ihtir incomparable laboun, for a true morpbologinl 
knowledge of tbe Vertebratn. Socrates was accused of corrupting tb 
rising youth of Athens hj questioning tbe truth of received axionu, ii ' 
dUtarbing their unfinished minds with doubts. We may accuse a aioim 
and native philosopher, our Engli^ Oken, of misleading students — 1 tfA 
feelingly for mysell'-~iu the opposite direction, namely, by dispelling whol»- 
soma doubts by interpreting nil the hard seutences of Nature for them, ud 
by holding before their cbarm-ed Tision an Archrtypnl Idea, iiutead of 
aettilig them to work at the various typen, with scalpel, and leni. ud 
microscope." 

7^ ncur vieips of Spoiiffilln structure, — Perhnps there is no sulJMt ti 
zoology that boa been so mufb esploied aa thiit of Spongilla; and ereli yM, 
notwithstanding tbe fine papers of Henry Carter, F.R.S., and Dt 
Bowecbank, F.It.S., and Dr. H. James Clark, there appears work iob»diu 
Dr. James Clark b as an able pajierin Sitlimen'e "American Journal" 
December 1871. In this he in great meature confirms Carter's reseaitlitL 
He says that the mimad chnmbers are deep spherical hollowa, wbicb fomth* 
receptacles of the groups of monads. They are mere cavilite, and haw Oi 
lifitng wall. They may be easily recognised, in young specimens, u den, 
more or less circular, areas scattered in pretty close proximity to each Mhn 
. over the " cytoblaatemic maes.'' Each chamber has a single, small, ciRolu 
aperture which perforates the inner invesUng membrane, nnd allow* e( 
into the circulatory apartment. The aperture varies in size nt times, and mvt 
even be completely closed, fie baa never seen it open wider than one-thtnl 
the diameter of the chamber, and very rarely more than one-fillh at w 
That it is a true perforation, and not a clear spot, may be demonsttated bjf 
bringing a (Camber into protite, so that its aperture lies on the ext 
border, and then nn sctual break in the continuity of the investing i 
breoe becomes evident. Entering this aperture, we do not meet with any 
obstacle for a little distance around itj there is a clear open space; kd 
pressing onward beyond that, either to the right or the left or dinci^ 
forward, t!ie cavity appears filled by a collection of vibrating b^les. llwy 
seem to be arranged radiatingly &om and about the centre. Close li 
tion, however, modities this view, and it turns out that Ihey are based 
tbe periphery of the chamber, and converge towards its centre, whneii IT' 
small unoccupied space. We presently recognise these converging h 
be craipedoU,_fageUatt monads, so closely packed together, sideby Bid«,Htt 
form a continuous tiratmn ovej the whole concave face of the c' 
excepting immediately about Iba aperture. Every feature of tbe monad ir 
strongly marked ; even the cylindrical collar is so heavy and com 
that its outlines may be seen with as low a power as two hundred d: 
Professor Clark has studied these bodies with a Jth-inch objectivi 
found it not at all difficult to focus down upon tbe details of their o 
aation without pressing upon or even touching the specimen. 

Doet or due* not CHona burmir T — This question lias recently develop*! 
the ojunion of two naturalists : Mr. Ed. ParHt, who asderts that it doec, s 
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^BT. G. WtiUsr. who with equal p(>.sitiTeD«BB sxaecta that it doe» not do m. 
■e. Putit's paper is pubtulied BeparaWlj. aiid Mr. W&Uer's h, pniit«d in tbe 
JaBUory DDiiiber of tfae "Joum&I of the Quekelt Club." Both are of 
U)teK»t. We ouraekes think iU. Waller U nearer the trutb tbun tfae utber 
obaerver; but the matter muct «tiU be c<jD^i<I^red in «oae douht, u very 
many able obterrere ara to be found on both vides. 

.dl tirir fVmtA Joumat of Zoologi/ hm comniBDced iti career in Paris, It 
■tarted on Januarj 1 in the prefect Tear, and will be pabliahed quarlerlT. 
Itia edited bj M. IL Lacsze-Duthi^n, itnd U to deal e.'p«dallj with experi- 
mental iool<>^. It is called the " .^rchir?' de Zix>loirie eiptriiuentide et 

AmtralioH Poljpoa. — Mr- McIntTre baa presented to the Bojal MicrO' 
Ki>picikl Society a Gplendid collection of the above. Thej came xexj 
Ofiimrtunelf , as Mr. P. H. Mac-GiUivray recently rend a lon^ paper on those 
found on the Australian ctHwta. This p«per will be found in " The 
Tna^actioDB of the Royal Sodety of Victoria for 1830." 

The Aguarium at Brighton. — This promisea to be a larger undertaking 
eren than the admirable aquarium -n-hich Mr. Llovd jo skilfully manages at 
tbe Cryatal Palace. The folloning is a brief account of the Brighlon Aqua- 
rium, which is likely to be open early in the summer. Il is taken from the 
"Daily News" of Mirch 1-3, which had a lon^ and admiiuble article on 
tb« subject. In the bays between the piers supporting- the corbels, whence 
spring the groining, are the tanks for fish, of which in all there are twenty- 
eight, Che dimensions of which ran^ from 11 feet to 100 feet of frontage. 
The ftwot works of thu tanks is compruaed of Portland stone to a height o( 
three feet from the floor, with thick plate gloss above, all feet high, and 
wmeoted into iron columns. The interior of the tanks are being fitted up 
vith rnckwork of varied character, «ome consisting of stratified rock from 
Xutbiust, near Horsham, other portions cousistlng of tufa fantastically 
afT>nged, and in some of the tanks taking the appearance of caves. The 
water, which in the majority of the tanks will be sail, in a few fresh, will 
b« introduced from pipes at the back of the tanks, where also, above the 
water's edge, are the doors atTording access to the attendant for feeding pui- 
poaes. But the water in the tanks will reach higher than the top of the 
pUta glass frontage, and thus the light which will penetrate into the corri- 
dor will be entirely peraqueous, a property which, in the words of a local 
Mlborily, "will afford to visitors that delightful under-water sensation 
experienced when swimmiug, and enable them to fi;el ' quite at home ' with 
the fishes without the inconvemence of getting wet." At night the tanks 
will be lit from above with argand lamps and powerful reflectors, with 
which the lights in the corridors, springing as they will do from foliated 
mouldings in the corbels, are so contrived as in no way to clash, The 
length of (he corridor is^230 feet, but it is broken in the middle bv a space 
known as the "Central Court." This hall, on either aide of which is a 
nngle large tank,lis covered by a raised ornamental iron roof, partly glazed 
with stained glass, the ironwork being painted in bright colours. 

Ihut'thowert and their Orgnnitiiu.— k memoir of 160 pages has been 
written on this subject by no less an authority than the veteran Ehrenberg, 
The Profeswr has in it (published Itf'lJ given a very valuable review of the 
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facts relating t^ organisnis from dust-sbowera tmd other stmneplteric 
adding alao the results of new obaerrntions. Plaio 1 coau 
fonua of organisms from recent duet-showers: th^t of Ispiihat] in 1870i tb 
Dardimellea to Sicily in 1360 ; Apulin in 1868 ; Jaaina in 1870 ; Islmd d 
Sow in 1869 i SwiUerland in 1867. 

Borial and Arctic Amphyndr. — We leam from Sillimao'B "AmwicB 
Jouinal " (for Jsnuarf 1372) thcit Axel Boeck has published a prodoDOt is 
Latin of the large work on this subject illustrated with Ihirtj-two pUtM, 
soon to be published by the author. Tbeau Amphipod Criistnceans !um 
their greatest diTersity of forms in the cold litlitudes of tbe globe, and ban 
H work on Arctic and bureid species has a special interest. This prudonu 
contMDs full descriptions of all the species, and a complete synonomy. 

Attimait of the Mammoth Cave of Kenrackj/.-'ilt. A. S. Packard, jnsioi, 
baa given, in the " American Naturalist " (Dec. 1871), on account of uiatfa 
recently collected from the above locality. He says, " that of sU (ba 
nnimulf found in caves, either in this country or Europe, perhaps th« nUMt 
atnuige and unexpected is the lit tie creature of which ne now speak. !i ii 
an Isopod crustacean, of which the pill-bugs or aow-bugs are examples. .A 
true species of pill-bug (TiianetJits albiu, 8chi6dte) inhabits the CRTei rf 
Caniolia, and it is easy to believ« that one of the numerous species of tUl 
group mfiy have become isolated in these caves and modified into ita pnmt 
form. So, also, with the blind Nipharjpu stygiia of Europe, aMed to A* 
freshwaler Gammarus, so abundixut in pools of &eah water. We can (Iw 
imagine how a species of Asellua, a freshwater Isopod, could repreaent 1h> 
Idoteidn in our caves, and one may yet be found ; but how tb 
became a cave-dweller is difficult of explanation, us it^ uea 
certain species of Idotea which ore all marine, with the exeeptton of tira 
species ; I. vHlonien, living iu the sea and also iu the depths of the SwtSA 
lakes, as discovered by Loven, the distinguidhed Swedish naturalist, wUltl 
species representing this baa been detected by Br. Stimpson at the tiotfann 
of Luke Michigan, Our cave-dweller is nearly allied to Idotea, but diftlt 
in being blind, and in other particulars, and may be called CifcidaUa 
It was found creeping over the fine sandy bottom, in company wil& lb* 
Ctunpodea, in a shallow pool of water four or five miles from the moudi t( 
the cave. 

Omditions of Biological Research is the title of a section of PiofeasoiAlla 
Thompson's address to the Biological Department of the British AssodttlOD. 
This, like all other parts of tho address, is full of thought, and is aa^tl; 
in keeping with scientific progiees. Those who are interested in tint 
which unites nil branches of natural history and physiology will do 
to read this address, which we suppose is given in the usual ReporL 

Tht UimtbU Bet at work as a FerlUiser of BotUi.— The "American 
turaliat" lately published a very valuable and lengthy ^paper on Dtl- 
winism and fertilisation of plants by insects, in which we find a proof of 
the functions of the Humble Bee as a fertiliser. Subsequently, saya tk« 
writer, rderring to two German observers (after spenking it a 
failure), on the heights of Stromberg, very abundant in Orchis, bolb 
he and his son were enabled with ease, and close at hand, to obter 
many Bombi at work. At a place full of Orchti mascuit they mw 
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^^pfcas, which sppenred to he B. terreitrit, fl; to the lowermost flower 
4^ apike of this Orchia. It ioserted its hend into the flower, remuning' 
•bout four e«coQds, and then withdrew it with two pollen-masses attached. 
Aacending from the bottom towards the top, it tiiited the secood and third 
flowers of the same spiie. After withdrawing ila head from the third 
flower, it atopped a short time and endeavoured to brush off the poUen- 
minrm with its leg^ but without success. It then continued its visit, 
climbing up the spike, and TJsited it fouitb Sower. At this point he tried 
to CAtch it in the net, but failed, and it flew away. After standing a short 
time they saw a Sonilnu hortorum visit three or four flowers from base to 
niDunit of a spike of Orckit tniucida, after which it flew to another indiTi- 
dnal of the same spedes, visiting its flowers in the aanie way. Upon 
exfemintBg the stigmas of this second individual, they found polltn scattered 
Bpcm them, and the onther lobes emptied of their pollen-masses. Tn the 
space of about two hours, which they spent in observing this fecundation of 
Orehit nia»cula, they noted two visits o! Sonthu) lapidariiis and one Fiithijriit 
eamptUri*. The Bombut lapidaritia did not remain in the flowers longer 
than from two to three seconds. They captured the PtUhyna and one 
Sombtu lapiJariui. Both had a qunotity of pollen-masses upon their heads, 
tome of which were already depressed upon their respective stallis, and 
therefore in a condition to rub against and fecundate the stigmas, while 
otli«i8 were yet erect, and therefore not in a condition to eiTeot fecundation. 
Of Dinety-saven bees collected by them in this excursion, thirty-two bad 
poUen-mBssee stuck upon their beads. Sometimes they observed that the 
beea succeeded in freeing themselves front some of the poUen-maraea, either 
b; teaiing thorn oS^ with their mandibles or brushing them ofl'with their 
fbre-kgs. Possibly it is in this way that sometimes in the flowers of Orchis 
pollen-masses are found in greater or loss proximity to the stigma, out of 
place, and, as it were, wasted. 

Anmlidt of the Gulf of Xapltt. — There was published in if. Claparede's 
name a supplement to his " Aun^lides ch^topodes '' of the Gulf of Naples. 
It deals diiefly with the mode uf reproduction, and is of especial interest. 
Malmgren in 1864 was flrst led to suspect a genetic relation between 
NerMS and Ileteronereis, (roni a comparison of Nerein jielasgica and 
HtUrmurti) groiidifalia, shovring nearly an absolute identity, with the 
uceplioD of the peculiar foliaceous appendages and bristles of the posterior 
part and other minor characters only developed at the period of sexual 
tnaturity. This led him to look upon certain species of Nereis as the 
agamous stock of sesual individuals appearing aa Ileteronereis, Subse- 
ijuently having found eggs in this presumed sgamoua Ileteronereis stock, 
he came to the conclusion that, although all tlie species of Ipbinereis and 
Ileteronereis were only sexual forma in series of generations still unknown, 
yet that, at some time during sexual maturity, a stage of one of the poly- 
morphous species of Nereis assumos the characters of Heleronereis, to lose 
them aubsequently and return to its agamous stage. Malmgrou occomited 
tea the genetic relations by an alternate generation at flrst, and afterwards by 
a metamorphosis ; both of which bypotheaes ClaparMe shows conclusively 
■re jostiGable. Ehlers has shown that a huge number of species of lletero- 
neieia were only sexual forms of previously known species of Nereis, and 



324 



POPCLAS SCIBSCE BXTIBlr. 



iaterprets these fucts id favour of a luetamoqihosis of Nereis into HHho 
nereis. This was the condition of the prohlem when Clapor^e resBai«d 
the subject, aod showed coocliuirely (fiom the study of livin); Annelids) tbt 
there is a genetic relation between Nereis and Heteronereis, but he ihnn^ 
as conduBiTely that all Nereids do not have their Heterouereis form, uhA 
been taken for granted by Ehlers, and that there b in ihs Annelida of ttit 
faniilj a polymorphism almost without parallel in the animal ktojidoa. 
Taking the species which he has most carefully studied (iVtriH [XwiitHJ 
DHiiierillii) we have first a eexual form as Nereis, two sexual fonntw 
HeteronereiH,*aiid h fourth hermaphrodite form- Thisis aloue of importuc^i 
litut the paper contains many more facts of interest 

ProfeMor Lam^-IhitliicTi ia the Afvdenr/. — At one of 'the meetinp 
of the Academy of Sciences, PnTi?, the seat left vacant by the deatii uV 
the reprotled and eminent Professor "Lob get was giren by election toH. 
Lacaie-Duthiers, Professor of N&tural History at the museum. 

Tie AmerKon mul European £%mm identical. — Profesaor Brandt of St. 
Petersburg, in a lately published paper, renews the expression of his opintn 
in regard to the identity of the American and European Bison. bothoftiiB, 
in his view, boing the lineal dewendanta of the fossil Bison of a now extiDCI 
form. The only appreciable ditference between the American and Europeu 
races, is the developed beard of tbe American animal, a charactwistic, wbidi, - 
in view of similar dilferences in the manes of lions in dilTerent regions, not 
otherwise distinguishable, he considers of little importance. It may b« fn- 
per, however, to say that a careful comparison of the crania of the two tarn 
exhibits differences of a much more tangible character ; the relatiotiships o' 
the nasal bones not agreeing at all, and the muzile of the American uiaal 
beinp' much broader than that of its European congener. According to Ur. 
Watethouse Hawldna also, while the tail of the American Bison h» Ihs 
baire close pressed, with a busby tuft at the end onlv.that of the European 
animal is full and rather bushy from the root, being much the same diffaieoe* 
as that existing between the tails of the American Mule or Black-tuled 
Deer (Cerciu tiuicratu,) and the common American ea'tem Mrginia Beet. 

The Familici of MoUatca. — The "Smithsonian Miscellaneous CollM- 
tions" contain an important review of the above by Mr. Theodoi* 
Gill. In view of the wide diversity of opinion among zoolo^ts con- 
cerning the clasulication of Moltusca, it is not to be expected that anj 
scheme that can be proposed at present will be generally adopted. Yet wt 
are constantly approximating to a true natural classification of these aiumsls 
thanks to the numerous anatomical investigations thnt have recently btea 
undertaken. The author of the present work fully acknowledges tbs 
provisional character of the arrangement which he has adopted, and ootid' 
pates many chan'.'es hereafter. In reality, some improvements made within 
the past year would doubtless hare been adopted, had not the work been 
in type some six months before its actual publication. It is, nevertheleWi 
the heat index to the classification of the MoUusca that bns been published 
hitherto. It gives in a very convenient form an arrangement in accordaaiw 
with the views of many of the most reliable makcologiste. It is probabls 
that in numerous cases too many families have been admitted, or dindOH 
of minor vidue have been allowed family rank. 
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the seventeenth century. *' The Rev. Giles uTiorahoroogli, one 
of hia Majesty's chaplains, iJiggiug a boring for coal in Sly6eld 
Green, found, firet of sand and gravel 7ft,; then a sprnijt: 
within a little of that a hed of stonea like square caps uid 
about 2 ft. every way, on the outside whitish, within full of 
sulphur, out of which was ejrtracted tinn by L. Smyth, of Lon- 
don, engraver. These stones are called at the coal pit# st 
Newcastle, ' catta' heads,' lying always (they say) where coal it 
These catts' heads are all full of small pipes for the mine to 
breathe through. Nest under them lay a body of black elsy 
for 15 fathoms; then a rock of stone about a yard thick, whtA 
was very hard. Then they came to black clay again for aUmt 
3 fathoms, and then another rock ; after that, clay mixed ifilh 
minerals (of which Prince Rupert hath some, as also had Kag 
Charles in hia closet, which was there placed by the Indian 
oar) ; then cockle shells, muscle shells, and periwincle alielli, 
some filled with oar (out of which Prince Rupert extracted tiuD 
and other thinf^s), and some filled with clay. After this eprvag 
a bed of oker, 12 ft. thick, a kind of mother-of-pearl; afl« 
that, a green quicksand. Then came coal, which how deep ft 
is, is unknown, for here the irons broke: thought byHr. W. 
Lilly (astrologer) to be subterraneous spirits ; for, as feat as the 
irons were put in, they would snap off". This is a kind <>{ 
rocky coal (like that which they call Kennell coal) which biinw 
like a candle." Mr. Thomborough was induced to make lii* 
trial, because " there was a kind of stony coal (lignite) that would 
burn, which he found by grubbing up tho roots of an oW 
oak in his ground there." After spending 400?. the work w» 
abandoned, to be however revived again about a century and s 
half later, in the neighbourhood of Worplesdon. 

The Wealden strata at Bexhill in Sussex consist of a series 
of sandstones, clays, and lignites, which led in 1804 to an ex- 
pensive trial for coal near that village. A shaft was sunk to 
the depth of 164 ft-, and two seams of lignite, designated 
smut coal, 2 J ft., and strong coal, 3Jft. thick, were met 
with. The reputed resemblance to coal measures wb» kept up 
by the use of such terms as " church clay," " grey bind," " blue 
bind with iron ore," &c., and the presence of a seam of clay 
with impressions of wealden ferns not unnaturally assisted the 
delusion. Fortunately probably for the company, the mine «M 
drowned out, and stopped tho further extension of the work. 

So recently as about thirty years since, another attempt 
made to get up a company to establish a colliery at WorplesdoB. 
near Woking, in the Bagshot Sands, and to sink a shaft to tho 
depth of 1 50 ft. At that depth the projectors would have readiol 
the London clay ; but it is certain that no more profitable mai 
rial would have rewarded their outlay. Any geologist oooU 
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xt time have told them what their chances were ; neverthelesa, 
ey state, " It does not appear that there has been any actual 
ological investigation or survey of the county of Surrey ; 
erefore it is proper to observe that the non-assignment of coal 
that county in the maps which profess to give the geological 
hmcter of England is not a matter of importance. The most 
ientific geologists admit that, there are various unexplored 
alitiea which future research may add to the coal-fields 
ready known." The projectors seem also to have found 
.couragement in the prospect of being able "to work a mine 
near Windsor." 

While practice has heeo making during the last two ceo- 
ries these tentative efforts — efforts even now continued from 
me to time almost as blindly as in former days" — science in 
.e meantime has been making slow but sure advances, and is 
iw prepared with an hypothesis respecting the existence of coal 
our southern counties of very great probability. William 
nith first established the order of superposition— confirmed 
r succeeding geologists — of the secondary and tertiary rocks 
' the south of England, the thickness of which at their point 
' outcrop in or nearest adjacent to the London basin may be 
Jily estimated as under : — 
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LociUly Dt HtlniBtciI 


Avraa 


lie StraU. 


Thiclui.es. 




Bfigshot Sanda 


Surrey 


. 300f 


London Clay 


Micldlesel . 


. 400 


Sftuda and Mottled Clays 


Siirrfj 


. 80 


Chalk .... 


llertfordshiro 


. 1000 


Upper Greensond . 


Surrey 


. 30 


Gftult .... 


SuTTpy 


. 130 


Lower Grcensand . 


Surrey 


. eoo 


Weald Clay and llastinga 






Sands .... 


Sussex 


.2000 


Purbeck and Portland Beds Beckahire, Oifor 


ahire 70 


KimmeriJge Clay . 




. 460 


Coral Rb^, Oxford Clay . 


WUtshiretflOifo 


dshire 600 


Oolilea .... 


GlouceBterahire 


. 750 


Lias ... . 




. 000 


Nuw Red Sandstone 




. 800 
7,000 



a op to the preneot day a finn haiief exists among mnny, even of 
len experienced la coal- workings, that in the lower tertiary atrnta between 
IS London Cley and the Chalk, good coal eiista. As hundreds of wells 
ad BectJons inouiaerttWo expose these ettato, we well know how futile any 
uch exp«ctatioDs, founded on the presence of irregular aeams of lignite, aie. 



And since then the order of the older underlying rods hu 
been thus determined hy Sir K. Murchieon, Professor Sedgwick, 

and others : — 

r Permian GlouceateriWfcrwkkiliiw 

■ (CoilMeascres . . Sonerwt, Gloiic««ter 

% Carbomferoiu- MilUtnneOnt. . . Somerset, Gloucwtec 

^ i ' Mountain Limejtoiie . iSomerset, Giooeester 

I DeTonian (Old Hed Saadatnne) . . Oevon, SonieiMt 

I Silurian Wales 

I Cambrian Wftlea 

It was for a time supposed that secondary strata maintained 
in the main their regular sequence ajid thickness unimpaiied 
over large areas, and in our early geological works the aeclaon 
of the secondary formations, from the west to the east of 
~ ., is given as under : — 

Fio. !. 




/. P&lfeoioie rods. 



In this case, the depth to the coal vieasures under LondoOt 
supposing they existed there, would have been from 7,000 W 
8,000 ft, or more. Speculation was hushed in presence of such 
depths, nor did it actively revive until the facta more recently 
acquired showed that the obstacles presented by such an raior- 
mouB mass of strata had no real existence. 

Admitting the variation of thickness, we were hardly, how- 
ever, until lately, prepared to admit bow rapid that variatioQ 
was. Professor Hull has shown that the Lias and Oolites become 
much thinner as they range eastward from GloucestenhiK- 
There is reason to believe, in fact, that the oolitic series do not 
extend far under the chalk hills of Berkshire, and it is known 
that the Inferior Oolite thins out even before reaching Orford. 
Mr. Hull gives a section, from Gloucestershire (the neighbo1l^ 
hood of Cheltenham) to Oxford, in which he shows that all the 
' a below the Great Oolite thin out rapidly to the south-ewt; 
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he cHtimateB the thickncBB of the whole at Oxford at about 
ft,, whereas in Gloucestershire it is I,S80 ft. : — 



Oreiit Oolite uid Fullers Earth . 
Inrerior Oolite and Sands . 
Lin* (Upper and Marlstone) 
Ked Sandelooe and Maria (Keuper) 



To the north-eastward the Great Oolite and the Oxford Clay 
become but slightly thinner. On tlie oflier hand, the Kim- 
aeridge clay, which is 275 ft. thick at Swindon, is 310 ft. near 
Abingdon, and increaseB to 450 ft. at Ayleshuiy. In like 
manner, tlie Portland and Purbeck series increase from 12 to 
70 ft, ; while the Wealden series, which is altogether absent in 
the west of England, is about 2,000 ft. thick in Surrey and 
Sussex. So the Lower Greensand, which is only 50 ft. near 
Devises, attains a thickness of about 500 ft-, at Reigate. The 
Gault maintains a mean thickness of about lOOft. ; while the 
Upper Greensand, 150 ft, thick at Devizes, is reduced to 25 ft. 
at Merstham. The Chalk, taken at its full development, main- 
tains tolerably constant dimensions from Wiltshire to Dover, 
viz, of from 800 to 1,000 ft. unless when, as often happens, it 
has suffered denudation. Notwithstanding, therefore, the large 
development of the Secondary formations, both westward and 
northward of tiie London luksin, it was uncertain how many 
and how much of these might be found to extend under the 
Tertiary strata of the south-east of England. We did not 
anticipate, however, the great hiatus which in reality has been 
found to exist. Whatever might he the case with the triassic 
and Jurassic series, it seemed at all events) probable that the 
lower cretaceous strata, which are so fully developed a few 
miles both on the north and south of London, would, like the 
upper cretaceous strata (the chalk), pass under London, and 
therefore it was a matter of surprise when the boring at 
Kentish Town, made in 1854, showed that not only were the 
older secondary strata all absent, but also the lower greensands, 
which are so well developed in adjoining parts of Kent and 
Buckinghamshire. In the place of the latter were found a 
series of red and grey sandstones belonging probably to the 
Old Bed Sandstone, so that the following diagram (fig. 2) may 
BOW be considered as representing probably the order of suc- 
cession and position of the strata from the West of England to 
London : — 

In the same way MM. Duftesnoy and Elie de Beaumont* 

^p C Eiplicstion de la Carte G^ologic|ue de la France, 1841," vol. i. p, 727. 
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have given a diagmm ehowing a siinil&r thinning out uul over- I 
lapping of the strata from soutli to north in the north of I 
France, and a like unconfoimable independence of the secondu; 1 



and of the palaeozoic scries, only there the older etrata come ta 
the flurface, which they do not in south-eastern England : — 



f_E- 



Westward of tliis line of diagram in France, the pala-OKUC 
rocks sink deeper, and are altogether covered hy secondoiy ind 
tertiary strata ; and while at Lille the chali: is found to repoea 
on the mountain limestone, at Valenciennes it reposes on coal 
Dieasurea. These latter are the prolongation of the groat 
Belgian coal-field, which ranges from Li^gc westward to sod 
beyond Mods. 

It is about two centuries ago that the Belgian coal-basin wu 
found to pass beneath the newer formations westwards in the 
direction of France, where the Coal Measures were supposed 
to be lost under these Cretaceous and Tertiary strata. It 
occurred, however, to some more far-seeing men that tJ»ey 
might possibly be recovered, and, after various trials, their 
search was attended with success, the strike of the coal mea- 
sures hit upon, and valuable collieries established at Anzin and 
Anicbe, in the neighbourhood of Valenciennes. This en- 
couraged further searcli, and the coal measures liave beeo 
gradually followed in a westerly direction under the dialk to 
within thirty miles of Calais, and at that town a boring for 
water, made by M. Mulot in 1642, proved the presence of 
carboniferous strata (but not the coat measures) under the 
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tertiary strata and the chalk, to a depth of 1,138 ft." Again, 
under the eame strata at Ostend, paleozoic rocks have been 
discovered at a depth of 985 ft.t On the English coast, a 
boring for water was carried at Harwich to a depth of 1,070 ft,, 
also through tertiary strata and chalk, which were found to 
repose upon a fossiliferoua slate belonging to one of the lower 
members of the carboniferous series. We can thus follow at 
inter^'als the same Tertiary and Secondary strata overlying 
unconformahly Palteozoic strata from Mons to London. The 
order of superposition and ascertained thicknesH of the several 
overlying formati<»is and the nature of tlio fundamental rock 
at these points, is shown in the following table ; — 
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There is little doubt from all we now know that, owing to 
the absence of all the lower secondary formations the great 
Tertiary and Chalk plains of Belgium and French Flanders 
repose directly upon a floor of old Palseozoic rocks, and that a 
like atmcture obtains in the London basin, at all events as 
far as London. The reasons we have for believing that the 
coal measures are associated with this paleozoic base, we will 
give further on. 

In England, south of a line drawn from Bath to Stamford 
and Yarmouth, no true coal has yet been found. The whole 
area is occupied by strata newer than the Coal Measures, com- 
mencing with the Liassic and Oolitic series to the east of Bath, 
and ending with the Chalk and Tertiary series of the neigh- 
bourhood of London. Nevertheless, in consequence of certain 
presumed relations between the coal-fields of Belgium and of 



" " The Wnler-bearing Strain around Londou," p. 208. 

t "Bull. Soc I'altontde Belgique," Antwerp, 1850, AtVllvorde, near 
BrusseU, Silurian or UoTonian roclis weta nUo met with at a depth of 
about COO feet 
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the north of France with those of South Walea and Sonciwt- 
thire, an opinion has for some time prevailed amon^t^ratogifti 
that coal probably exists in parts beneath the n ' ' * 

the Bouth of England. 

So long since as 1H26, Dr. Buckland and Mr. Conybeare. in j 
their eicellent account of the Bristol coal-field, • mad« tiw 
following remarks : " Before we close this (jeneral account of ] 
the Bouth-westem coal district of England, we are desirous o[ | 
noticing its resemblance in geological structure and pictnmqoc 
features to the countir extending along the Mfuse Iietwwn I 
Namur and Li^ge. Tliere also we are presented with «ul 1 
basins encircled by Mountain Limestone, and luised on OH 1 
Bed Sandstone, which latter is displayed at Huy. Thwe I 
rocks are all highly inclined, and are covered by overlyiig I 
formations. The defiles of the Sambre and Meuse present I 
exact counterparts to those of the Avon and Wye." Thu 
relation of the two areas was more particularly notiwJ 
in the work just quoted (pp. 724-5^ by the emineirt 
geologists MSI. Dufresnoy and Elie de Beaumont, who thw 
express themselves on the theoretical question of the origiml I 
extent of the coal-fields of Belgium and the north of Fniue, | 
and on their probable rango : — " The portions of carltonifencnis | 
strata, which we have reserved as the subject of the last parts I 
of this chapter, contrast jn an important manner with tho« 
which we have hitherto described, inaenauch as they do 
exhibit the characters of deposits formed in circumscribed 1 
basins ; all indicating, on the contrary, that tliey have been 
deposited in an open sea. From the Ardennes on to the moun- 
tains of Wales and Scotland, there extended at that period the 
bays of a sea, in which the Mountain I^imestone was fomtedi 
which contains a large number of marine remains, and after 
that the coal measures of the north of Belgium and a part of 
England." . 

" This difference in the character of the two classes of hosiii* J 
of the coal measures of which we have just spoken, is not only I 
an interesting fact for science, but it concerns also in a gnat | 
degree the future of mineral industry, from the news it nay 
suggest relative to the possible subterranean connection between 
certain basins. In fact, the deposits formed in circumscribed 
basins present but little chance of their being prolonged for 
any considerable distance beneath more modem depoaita, hot 
the deposits formed in marine Itasins are generally much more 
uniform, and susceptible of much greater estensiuu, when they 
have not been broken up and destroyed." 

• *' Geological TnnMOlioni," toI. I. pL 2, 2nd »er. p. 220, 
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Again, M. Jlengy, in 1852,* remarka ; " However it may be, 
the conaiderable thickneBs of the overlying unproductive strata 
{terrains moHa) which exist in the western part of Belgium 
and Department du Nord, shows tliat there is a great depres- 
Bion there, which is a prolongation of the deep subterranean 
mbfitrata above which London stands, and if a coal measure 
basin exists there, which is not irnpoi^aible, they may extend to 
the southern border of tliat depression, which reaches near to 
Lille, and may be connected more or less directly with the vast 
carboniferous system which cornea to the surface in England, 
ranging from Wales to Scotland." 

But it was not until 1855, when JMr. G od win- Austen t 
brought the question before the Geological Society iu an able 
and elaborate paper, accompanied by a map, in which he showed 
that the coal measures which thin out under the chalk near 
Tb^ronanne probably set in again at or near Calais, and are 
prolonged (heueath the tertiary etrata and the chalk) in the 
line of the Thames Valley, parallel with the North Downs, and 
continue thence imder the valley of tlie Kermet, into the Bath 
and Bristol coal area, that the attention of geologists was 
seriously directed to the subject, fieasoning also on theoretical 
considerations connected with the extension of the old coal- 
gmwth in the west of Europe, Mr. Godwin-Austen concluded 
that "coal measures might possibly extend beneath the south- 
eastern part of England," and he showed, upon well-considered 
theoretical grounds, that the coal measures of a large portion of 
England, P'rance, and Belgium were once probably continuous, 
and that the present coal-fields were merely fragments of a great 
original deposit, which he inferred had been broken up in two 
directions previously to the deposition of the secondary rocks. 
He endorsed also the opinion that the main line of dis- 
turbance had a general east and west direction — that part of 
it formed the great anticlinal of the Ardennes, by which the 
Belgian coal-iield had been tilted up, and brought to the sur- 
face—and that the Mendips with the Somerset coal-field are 
on the same line of strike. 

These views have bet.'n controverted by some distinguished 
geologists, but they have received tlie assent of a greater 
number; and the information we have since acquired of the 
thickness of the secondary strata and of the existence of palseo- 
zoic rocks at Kentish Town and Harwich,} and the disc 

»■ ri Egjdi lie GSolofrie Pmliqiie sur In Flandre Franfaifl," L 
t " Qaart. Joum. Geol. Soc," toI. sii. p. a3. 
} For detailed pAiliciilare of the Gtrat& at these wella, aee the papers hy 
tlie wrilei in " Joura. GeoL Soc," vol. lii. p. 0, aud vol. liv. p. 24!). 
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of the subject by the Royal Coal Coramiasion," enables us now 
to investigate the physical problems with stiU greater certainty. 

It is evident from what we have already said tliat the age 
and position of the surface rocks afford no criterion of the 
thickness of the strata interveninji; between that surface and 
the palfEOZoic rocks underlying the Tertiary and Secondaiy 
strata of the south of England ; while it is also clear thai the 
relation of the secondary and of the paleozoic group of rocks 
to one another is perfectly independent, and tliat the Utter 
must be viewed entirely on their own internal evidence, apart 
from the bearing of the newer rocka which cover them imooti- 
formably. 

A glance at the geological map of Europe will show that 
the iielgian coal-field is but part of a series of great coal- 
fields ranging from Westphalia to the north of France. These 
coal-fields are deep, long, and narrow, and their longer asea 
succeed one to another nn the same line of strike.' Omit- 
ting a few small unimportant coal-basins, the most easterly i>t 
the great coal-fields ia known as that of the Ruhr, the awimd 
as that of Aix-Ia-Chapelle, the third as that of Liege, and the 
fourth as that of Hainaut and Valenciennes. In all these 
districts the Coal Measures are tilted up or faulted on the 
south against the Mountain Limestone or the Devonian rocka, 
or pasB northward under Cretaceous and Tertiary strata, beneath 
which they are prolonged until thrown out by other imdal&- 
tions of the older rocks. The width, north and south, of tbeae 
coal-fields is always small compared to their length. Thus the 
coal-field of Li^ge is only 3 to 8 miles wide, whereas it has a 
length of 45 miles. So the exposed coal-field of Hainaul, from 
Naraur to beyond Charleroi, is 33 miles long ; it then panca 
under the Cretaceous and Tertiary strata, and ia prolonged, with 
a few small exposures, underground, by Mons to \'olenci««»D«8. 
The length of this other underground portion of the coal-field is 
32 miles, making a total of 65 miles, with a width near Mamtir 

* Vol. of Evidcoco taken before Committee I), and Iteport tn tint 
Committee "on the Probabilities of finding Cualin the South of EngUnd" 
bythewriter; BojbI CommiBuon on Cor! Supply, 1871. f ree UM M BHda 
in this paper of tbb report and al«> of the writer's aniiiTcnarj addnu lo 
the Geological Society for 1872. 

t These are given generally in the map, PLLXXXV., themab featuTMCf 
which are copied from Dumont's Qeologicul Miip of Europe. To Uiem an I 
added the ascertained range of the Coal McHiiures under the Chalk of ths 
North of France and their probable range under the South uf KoglaniL 
To this I bsTe added a series of hypothetical aectlona along the line of tbs 
Ift cual troagh and across it, showing the posrible disporittoD of the Cua^KjKj 
^L auroB and the thickness of the oreilying strata. ^^IH 
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of 2 miles, increasing tn 7 or 8 miles near Charleroi, and con- 
tinued in Franco with a widtb of from 6 tn 7 miles, where it has 
been followed under the chalk to witliin 30 miles of Calais, 
and there thins out. 

Connected with these coal-fields a great line of disturbance, 
affecting the paleozoic rocks, has been traced from Westphalia 
throuj;h Belgiiun to northern France, and it is on the northern 
flanks of the older rocks of the Ardennes range of hills, which 
have been formed by this disttirbance, that the coal-fields of 
Belgium lie. The same line of disturbance is again exhibited 
in the Mendips, and is prolonged even as far as the south of 
Ireland. 

In England and South Wales a similar set of phenomena are 
met witli at this other end of the axis of elevation. From 
Milford Haven to Tenby, contorted strata of the Mountain 
Limestone and Old Red Sandstone are flanked on the north by 
the highly-distiubed Pembrokeshire coal-field, which is 24 miles 
long by 3 to 6 miles broad. The great coal-field of South 
Wales is 60 miles long by 15 to 18 miles broad ; wliilst that of 
>Somerset and Giouceatershire {or Bristol and Bath) shows a 
length in the direction of the axis of the Sfendips of about 
12 miles, and in the other direction it measures 26 miles. 

The Coal Measures of Soutli Wales are not covered by 
eecondaiy strata, but a large portion of the Somersetshire coal 
meastu'es are overlaid by some of the lower Secondary rocks, 
which in their turn pass a few miles to the eastward under the 
Chalk. At Clandown, near Bath, th^ Coal Measures are worked 
beneath 360 feet of Lias and New Red Sandstone, and they have 
Ijeen followed under these superiacumbent strata for a distance 
of 5 to 6 miles from tlieir outcrop, where they are at a depth 
of about 500 ft, beneath tlie surface. But between this point 
and the well at Kentish Town, no trial for coal or water has 
been carried to the base of the aecondaiy rocks, or has reached 
more than about 600 ft. beneath the sea level, and the whole 
area extending to the channel is occupied by upper Secondary 
or by Tertiary strata. 

There can, however, be little doubt of the continuity of the 
range of tlie palceozoic rocks under these newer formations 
from Uelgium to Somerset ; but whether or not the Coal Mea- 
mires were ever continuous between the two districts; and 
whether, if they were, they have been removed by denudation, 
leaving only the lower palieozoic rocks, requires further dis- 
cussion. 

So far as the identity of any particular bed of coal or of rock 

may serve to establish a correlation between the coal measures 

^^Bristol and South Wales and those of France and Belgium, i 

^■4b not possible, nor ehould we e:xpect it ; for the variation ilim 
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all the beda of any coal-ltadn is well known to be so gmt tsd 
rapid, that, in the different parts uf the eame Laeiii, it i* often 
difficult, and sometimes impoEsible, to establish any conelatioii, 
while in adjacent basins, suefa as those of ^^'ales and Bristol, or 
of Hainaut and Li^e, such attempts have, with few escrfh 
tioDS, hitherto utterly failed. There are, however, general fii- 
tures which ser\'e to show some relationship- The great 
centr^ mass of from 2,000 to 3000 ft. of rock called Peunant 
exists in both the Welsh and Bristol coal-field ; and the total 
thickuesg of Coal JSEeasiires is not very different, being, 
10,500 a. in the one, and 8,500 ft. in the otlier, with workable 
seams of coal, 76 in Wales, and 65 in Somerset. In the Ilaiuuil 
(or Mons andCharleroi) basin, the measures are 9,400 ft. tliick, 
with 1 10 s<!amB of coal ; in the Liege basin 7,600 ft,, witli 9i 
seams; and in Westphalia, 7,200 ft., with 117 seams. On 
the otfier hand, none of our central or Dort hem coal basins, with 
the exception of the Lancashire 6eld, exceed half these dimen- 
sions, and more generally are nearer one-fourth. Further, tho 
difference which exists between the north country coals and 
those of Wales and Somerset, the preponderance of caking-coiUi 
in the former, and of anthracite, steam, and smiths' coal in th« 
latter, equally exists between our north country coals and t 
of Selgium, which latter sbow, on the other band, close affini- 
ties with those of Wales and Bristol. I am informed hj two 
experienced Belgian coal-mining engineers and good geologtstSi 
who have twice visited our coal districts, that the only coaU 
they found like those of Bclj^num were the coals of South Wales 
and RadstJjck ; there was the same form of cleavage, the i 
character of measures, and the same fitness for like economical 
purposes. Organic remains afford us little help ; and not 
sufficient is yet known of their relative distribution. The 
plants, are, as usual, the same ; so also are shells of the genus 
Anthracosia, and a number of small Entomoeiraca i and the 
marine forms are scarcer than in some of our central and 
northern fields. 

That, therefore, which best indicates the relation between the 
coal-tields of the south-west of England and those of the north 
of France and of Belgium, is the similarity of mass and stnuv 
ture, uniformity of subjection t^ like physical causes, and 
identity of relation to the underlying older and to the overlying 
newer formations. 

These physical features are of much importance and tntereet 
Of the underground prolongation of the axis of the ArdenuM 
through the south of England there can be little doubt ; noi 
tlicre be much doubt that the same great contortionii of the 
•trata wliich in Belgium folded alike the Coal Measures, iho 
Muimtain Limestone, Devonian, and Silurian series, and w«ro 
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the caiue of xmiln' feJifa in tbe ame rocks of SooMnet u»d 
Wales, wcae caHtxBBerfaloBg Hw wfaola tim of dntortMMe, sad 
tliat tbe {Koenatiaii of portiaiki of tbe ■me gnat mppW- 
meatmrj enal tiot^ is t* be looked for uaiBTgnvai ia tbe tD- 
tannediate ana, just as tber exist above groand in tbe proved 
area. The ioteimMliate sabordioate tKiriere dividtt^ tbe cod- 
banns can, I conceire, in no way pennanentlr affect tbe gnat 
major diiStaTbancei bv which t he pre^ience of the coa) measarea ii 
mkd. 

Admitting, boverer, that tbe coal measures were originally 
present, the question has been moated whether they have been 
lenoved by subsequent denudatioa. 

It bas been urged that the Coal Measures become unproduo- 
tire, and thin out under the Chalk, as tliey rangv Crom Valeu- 
eiemies towards Calais, and, therefore, that the coaI-lTOU<;;h or 
batin ends there. It is perfectly tnie that the Coal Kleaeures 
do thin out between Bethune and Calais, but not in tiie sense 
of tbeir dying out owing to their deposition near the edge of a 
basin. In that case, each seam, each stratum would gradually 
become thinner and disappear, but euch is not the &ct. None 
of the beds of the Belgian coal-field are thick ; the average 
does not exceed 2 Jft. At Valenciennes it is the same ; whereas 
M. Burat states that tbe mean thickness of the beds actually 
increases westward of Bethune to more than S^ft. With 
respect, ako, to the extreme end of this basin, the lower beds 
there brought up correspond with the bottom beds of the 
Hainaut basin, where the lower 650 feet consist altogether of 
unproductive measures. The tbinaingnsut is, in fact, due to 
denuadatioD, just as the Bristol coal-field thins out at Cromhall 
to resume in the Forest of Dean, or the coal-field of hiig^ 
thins out at Nameche to resume ab Namur in the great fields of 
Charleroi and Mons. 

The deterioration of tbe coal in the small coal-fit'ld of Hard- 
iugheu, near Boulogne, has also beeu adduced against the 
occurrence of workable coal in south-eastern Kngland ; biiL Mr. 
Godwin-Austen has shown that this Hardinghen coal-field is 
one of those small local developmenla of coal-bearing wtrata 
intercalated in the Mountain Limestone, and is of older date 
than the great Belgian coal-field. It has, therefore, no bearing 
on this part of the question. 

Another objection, to which much weight lias l>een attached, 
is, that as the coal-field of Bath and BriHtol forma an inde- 
pendent basin, cut off both on the east and on the west by ridges 
of Millstone Grit and Mountain Limestone, wo have tliero 
reached the eastern boundary of the coal measures. It is 
probable that such a bounding ridge does exist, though, a« Uiu 
edge of the basin is there covered by secondary rocks, there is 
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Bome uDcertaiuty about tlio disposition of the palsozoie rwto 
under them. Admitting, however, the basin to be complete 
and isolated, that is no proof that the older Palffioxoio rod» 
prevail exclusively to the east; for the coal measures of Uie 
Somerset basin maintain their full development to the edge of 
the basin, and are there cut off by denudation, and not hroogbt 
to an end by thinning out. They form part of a more ezt^ded 
mass, of which we have there one fragment, white on the weal 
another portion exists in the Welsh basin, and another in tlu 
newly-discovered small basin of the Severn valley ; and then is 
no reason why on the east the eame disposition should not pre- 
vail. 

The Severn Valley basin ia entirely covered by the J»ew Red 
Sandstone ; and as the Welsh baein is bounded on the eut and 
the Bristol basin on the west by Mountain Limestone, tlw same 
objective argument might have been used in either case t« show 
the impossibility of Coal Measures occurring in thia intermediate 
area, or of their extending beyond the boimdaries of eiUiK 
great basin. 

But the &ct is, it is the very nature of the great line of dis- 
turbance to have minor rolls and flexures of the strata at, or 
nearly at, right angles to it, and so causing breaks in the coal- 
trough, which would otherwise flank it without interruption ; 
thus the Aix-la-Chapelle coal-field is separated by older rock* 
from that of Li^e, which is again separated by a ridg» o( 
Mountain Limestone from that of Hainaut. So, in tlie ca«e of 
Bouth-westem England, we have the separate basins of South 
Wales, Severn Valley, and Bristol — the extremes of the into 
vening belts of older rocks being two miles at Nameche and 
eighteen miles in Wales. These barriers are clearly only local ; 
and the dirision of the coal measures into separate baalns ap- 
pears to be their ordinary condition along this great line of dis- 
turbance. The length of the two known portions of the axia 
included between Pembrokesbire and Frome, and between Calais 
and Westphalia, is 472 miles ; and in this distance we find edgfat 
separate and distinct coal-fields. The combined length of these 
eight coal-fields is aViout 350 miles, leaving al>out 122 milM 
occupied by intervening tracts of older rocks ; so that nearly 
three quarters of the whole length is occupied by coal stnts. 
I consider that a structure which is constant above groundf bo 
fer as the axis of disturbance can be traced, is, in all probability, 
continued underground in *^onnection with the raiiga of the 
same line of distTirbance ; and I see no reason wliy the coal- 
strata should not occupy aa great a proportional k-ngth and 
breadth in the underground and unknown as in th[? above- 
^ound and explored area. It is certain the basin-shaped fonn 
if the Somerset coal field is no reason why other coal baidiu, 
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liB.gTneiits of the same great original trougli, should not exiat 
underground between Somerset and the north of France and 
Bel^um. 

"With respect ta the possibility of denudation having removed 
the intervening Coal MeaBures, tnormous as the extent of 
denudation miist have been previously to the deposition of the 
Permian strata, we cannot admit its exceptional action in this 
ease. Denudation has removed from the crest of the Mendips 
a mass of strafa possibly e<)iml to two miles or more in height, 
and from that of the Ardennes as much aa three or four miles ; 
and it has also worn extensive channels between many of our 
coal-fields ; so that the power of such an agent cannot be 
denied. (See Sect. Plate LXXXV.). But it is a power of plan- 
ing down exposed surfaces rather than of excavating very deep 
troughs, Notwithstanding the extent of its action on tlie Men- 
dips and Ardennes, deep troughs of coal measures are left flank- 
ing their northern slopes. These troughs descend to more than 
a mile beneath the level of the sea ; and I do not think it 
probable that the intermediate underground portions of the 
trough through South Eastern England, where the axis lies 
lower, have suffered more than those on the higher levels, except 
to the extent caused by the later denudation which preceded 
the Cretaceous period. But this would not affect the main bulk 
of the coal measures. The Belgian coal-6eId, which was exposed 
to the action of both these denudations, still retains vast pro- 
portions. 

At the same time the pre-cretaceous denudation was very 
irregular in its action, giving rise to hills and plains. At one 
place near Mons the chalk and tertiary strata are above 900 ft. 
thick ; whilst at another, on aboiit the same level, and only a 
few miles distant, they are not 1 00 ft. thick — an old imder- 
ground hill of highly inclined coal measures rising in the 
midst of the unconformable newer strata, and giving rise to 
this difference. This shows that in the English chalk area we 
may possibly find irregular old surfaces of this kind, so that 
the coal measures may exist at places nearer the surface than 
we have estimated. 

We have alluded before to the great length and small width 
of the Belgian coal-fields. That of Li^ge is forty-five miles 
long, with a mean width of less than foiu' miles, whilst that of 
Hainaut and Valenciennes, with a width scarcely greater, is 
119 miles long. The presence of lower carboniferous rocks 
BO far north as Harwich, and the extent of north range of the 
Bristol coal-field, render it possible that the coal trough in the 
intermediate area may have a greater expansion than in 
Belgium ; but we have nothing else to guide us, imless it be 
that the lateral pressure in the intermediate ground was less 
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than in the Ardennes aud the Mendips, where it has ^uM^^H 
its maximum elevatorj force. Id that case the coal tlo^RiV 
in this intermediate area would he less compressed and moiv ^ 
expanded, and we might consequently look to find larger cosl- 1 
basins than those of either Somerset or Li^ge. I 

The strata on the south side of the Li^e coal-field riie 
abruptly against highly inclined and faulted Devonian roclu, | 
and oa the north side they rise, at a less angle, bencatb 
Cretaceous or Tertiary strata ; and to the westward the great 
fozoic axis of the Ardennes, consisting of Silurian and 
Devonian rocks, Mountain Limestone, and Coal Measures, paffiEi 
westward under the Chalk of the north of France, and hat 
been followed underground as far as Calais, where it lies all 
a depth of 1,032 ft.; while in the direction of Boulogne the 
old rocks keep nearer the surface, crop out from beneath tlu 
chalk downs surrounding the Botilonnais, and disappear near 
channel under an unconformable series of Jurassic and 
Wealden strata. 

We may, I think, look for a prolongation of tliis old 
palffiozoic suriace of highly inclined, contorted, and faultvd 
rocks at no great depth imder the same Cretaceous and Tertiary 
area of the south-east of England. For, although the old 
paliBozoic surface descends rapidly from 200 ft. above the se*- 
level in the Boulonnais to 1 ,032 ft. below it at Calaia, it rises 
at Ostend 47 ft. higher than at Calais, and, crossing the 
Channel, it is found at Ilarwioli within a few feet of the same 
depth as at Calais, from which it is eighty miles distant in n 
northerly direction. Passing westward, we find the palseozoic 
rocks under London, 105 miles distant from, and 102 fe«t 
higher than under Calais, and 106 feet higher than at Harwich. 
Allowing for irregidarities of the old surface as evinced by the 
well at Crossness, near Plumstcad, which was still in the GauU 
at a depth of 944 feet, or some 14 feet below the level of the 
palseozoic rocks at Kentish Town, we may still consider that 
in the area between these three points, and other parts on the 
same range of the south-east of England, the paleozoic rocks 
will probably be found not to be more than from 1,000 to 
1,200 ft. beneath the sea-level. 

Projecting the line another 100 miles westward, we reach the 
neighbourhood of Bath and Frome, where the coal measures ue 
as before mentioned) lost, at a depth of about 500 feet, beneath 
Liassic and Jurassic strata. In the intermediate area between 
that place and London no trial-pits and no wells have I 
carried to adepth of anything like 1,000 feet benentb thed 
level. The deepest well with which I am acquainted i 
lear Chobham, in Surrey, through tertiary strata and g~ 
depth of about 800 feeti, or 600 feet beneath the sea-tor^ 
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There are, however, in all this area certain indications of the 
proximity of old land and of pre-cretaceoua denudation, in the 
presence of Quartz and Lydian-stone pebLleB, accompanied by 
extraneous secondary fossils in the Lower Greensanda of Surrey, 
and in the like old-rock pebbles, with the addition of slate- 
pebbles, in that formation in north Wiltshire; whilethe banks 
of shingle, bryozoa, and sponges of the same age at Faringdon, 
point to still and sheltered waters, probably of no great depth, 
and to adjacent dry land. Again, on the north of London, we 
have in the Lower Greensand of Buckinghamshire and Bedford- 
Ebire shingle-beds consisting almost entirely of fossik derived 
from Jurassic strata, with a remarkable collection of larger 
quartz, quartzite, and other rock pebbles, probably from the 
old palieozoic axis, which at first stood out in the midst of the 
Lower Secondary seas, and was only finally submerged in the 
seae of the Gault and Chalk periods. It was no doubt owing 
to the gradual shallowing of the old seas as they approached 
the then paleeozoic land that the thinning out of the Lower 
Secondary rocks from the north-west to the south-east, which 
we before noticed, is owing. 

In this country the newer strata, overlying the palteozoic 
rocks on parts of the presumed old palteozoic range, have been 
Eimk into without result — in the Wealden at Hastings to a 
depth of 486 feet, in the upper beds of the same at Earlswood, 
near Reigate, to about 900 feet, through chalk at Chichester, 
to 945 feet, and at Southampton, through Tertiary strata and 
chalk, to a depth of 1,317 feet. Unfortunately all these works 
&U short of the mark which we as geologists wish to attain. 

Id a scientific point of view, no experiments could have 
greater interest, and in an industrial point of view no expori- 
menta could be more important, than such as would serve to 
determine the position of this great underground range of 
older rocks connecting the Ardennes and the Mendips, We 
have ascertained that it lies at no great depth beneath the over- 
lying newer strata, and if the strike of the hne of disturbance 
were In a straight line, we should have no difficulty in determin- 
ing its course ; but &om what we know of its range in the 
proved part of the 800 miles, it is certain that while it has & 
general east and west bearing, it is subject to considerable 
local deflections. Thus, while Air. Godwin-Austen is disposed to 
place the supposed coal trough in the Valley of the Thames or 
under the North Downs, I am disposed to place it further north, 
in Essex and Hertfordshire ; and while my friend considers it 
contlauouB, I consider it to be most likely broken up into basins. 
Again, if the axis of the Ardennes consisted of an anticlinal Une, 
the problem would he simplified, but it consists of a series of 
Buch parallel lines, and therefore whether or not the one which 
TOU XI. — aO. XLIT. R 



travereea the Boulonnais and is prolmbly prolonged undttoor 
WealdeD area, is one of th« maay ceiitnil ones, or the Ishnl 
one immediately flanking tlie coal trough, is micertaiii. 

Any attempt made to solve this great problem moA lie 
hailed with i<atiafactioD, and we therefore look upon the trill 
about to be made by the S«ib-\\'ealden Esplomtioa CoouaiUce 
as a most important step in this direction. The sito selected 
for tbe experiment near Battle is on the line of centre of Ute 
Weald, where the lowest Wealden beds come to tbe aurfew^ 
and it h no doubt on or near the line of continuation of Lhe 
axis of the Boulonnais. We may, therefore, there expect t« 
meet with a prolongation of that axis consisting either of th« 
Mountain Limestone, with the subordinate coal strata of Hard- 
inghen, or the Devonian limestone and grits. Had it lieen 
merely a trial for coal another site might Iiare been selected, 
but the object the Committee has in view is one purely scien- 
tific, to determine the thickness of the Wealden and underling 
secondary strata, and the depth, nature and position of the undiff- 
lying palsBOZoic ro<.'ks ; and it has been suggested and planned in 
honour of the next meeting of the British Association at Brigbton 
— of which meeting it will be a worthy memorial. It is not by 
one experiment, however, but rather by several, that the im- 
portant question of tbe line of the great trough of productira 
Coal Measures will be determined. This experiment will pn>- 
bably be hut one of a series. We hope to learn by it lie 
direction of the strike of the older palaiuzoic rocks, and tlicn 
judge of tbe bearing and probably position of tbe coal trougb 
in relation thereto. Xo insurmountable difficulties present 
themselves. The starting-point is the lowest in the series of 
the known rocks of the south-east of England, and if it abould 
prove to he on the crest of the prolonged ridge of the Bouloniai»i 
the other secondary strata may bo of no great thickness. But 
this is entirely a matter of experiment. We know not y'iiti 
may be the thickness of the remainder of the Wealden, and if 
beneath that we find tbe Purbeck and Portland bods, tbe Kim- 
meridge clay, and some of tbe Oolitic series in place, as we do 
in tbe Boulonnais, we know not what thickness they may attain<' 



Asbumhniii Beds ... 50 . 
Uoproved Wealden . . . 100 
rurbeck and rortluid . . 30 . 
Kimmeridge Clsf . . , 300 
Oxford Clay .... 200 , 

OolitM BO 

730' 
PiLfozotC SiBAii to be proTcd beaealh Ikvso beds. 
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The Committee wisely contemplate the possibility of having to 
go to a depth of 1 ,500 to 2,000 feet, and will, we trust, take secure 
steps against such a contingency. At the same time we hope 
(and it is perfectly possible) that before they reach half that 
depth, the very interesting object of which they are in search 
may meet its solution, and that one more positive fact may 
be acquired to science in addition to those so fortunately fur- 
nished by the trial works at Kentish Town and Harwich. 
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BUD VARIATION. 
Bt maxwell T. MASTEItS, M-D., F.11.8. 



rpHE reproduction of pknts is effected in one of two wsys 
X either by the contact of one elementary organiBtn mth 
another of a different kind, in consequence of which a spore or 
an embryo is formed, which ultimately developes into a perfect 
plant, or by tJic production of buds. 

The word bud is here used in a broad sense to express any 
separable portion of a plant, not produced by eexual agency, 
and which when separated has the power of growing into an 
organism like the parent plant. The process of bud-fomiation 
then, reduced to its simplest expression, is a process of segmen- 
tation, or subdivision. Illustrations are to be found through- 
out the whole vegetable kingdom, but in no family are they 
more frequent, or do they pUy a more important part, tlian in 
the great group of the Fungi, among which are the moulds and 
blights so destructive to the higher plants on which they {jrow. 
One of the most remarkable circumstances about thest- pliuits is 
the varied manner in which they are reproduced. .Spores, or 
reproductive bodies of four, five, or more shapes are met witJi at 
different times on the same plant, and, inasmuch as they aie 
often formed at various times and under liiverse conditions, it 
is no matter for surprise that they should have been assigned, 
not to the same plant, but to difl'erent ones, and hence each one 
has had the misfortune of being separately named.* Now, 
thanks to the labours of those who have, with infinite skill and 
patience, succeeded in unravelling the life-history of tbflH 
plants, all these varied forms are known to Ijc different statM 
of the same plant. Of these spores some are trutr reproductive 
bodies in the sense already explained, while others are btub 
extending and multiplying the plant, but not reprodudng it, 
\Ve do not know in all cases, indeed we only know in a few, 

* See R piipL-r on the subject of rulymorpbism ID Futigj, In " Vvmiu 
Scieuce Review," Jan. 1871, t Mr. JJ. C. Cooke. 
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the complete life hiatoty of these plants and the particular office 
the bud-like formations fulfil. P'or our present purpose, how- 
ever, it will suffice to say that they vary in size, form, and 
apparently in the conditions under which they are produced. 
In spite of these diversities, we know that they develop into 
danisms precisely like those from whicli they sprung. 

Among the sea-weeds the same state of affairs exists ; there 
are true spores and bud-spores, and these bud-spores vary in 
character on the same plant at diiferent times and in ditTereot 
seasons. 

In the Lichens we have a similar formation of true spores 
and bud-sporea, but so far as is at present known, there is not the 
same diversity in the bud-spores, or " gonidia," of T^ichena that 
there is in the other groups. There is, however, tliis difference ; 
the bud-spore of the lower plants consists of a single cell, whereas 
in the Lichens it is made up of several cells : it is an aggregate, 
not a unit. 

In Hepaticie and Mosses the bud-spores are like those of 
Lichens, but more highly-organised. In the case of the Ferns 
and Equiseta there are buds very nearly like those of flowering 
plants, consisting of a number of minute scales, the outer of 
which remain scaly, and ultimately perish ; the inner gradually 
develop into leaves, while the central pimple of cellular tissue 
from which these scales emerge lengthens into a slioot, that 
shoot into a branch, and so on. 

Moreover, that bud, if separated and placed under proper 
conditions, will form a new plant. 

In this way tlie gardener prepares his cuttings. He takes a 
" slip " with a bud attached, places it in moist earth, covers it 
with a lifU-glass to prevent undue evaporation, and places it in a 
sufficiently warm locality. Aft«r a time the cutting " strikes," 
as it is termed ; that is, it forms roots, which roots absorb 
nourishment. The cutting is thus truly a chip of the old block. 
That which th»; gardener does by art Nature herself often 
does unassisted. Many Begonias form buds from almost any 
portion of their surface, and in prodigious numbers, recalling 
the way in which similar buds are formed on the Mosses, but 
in even greater ■ profusion. Other illustrations may be Been 
in the little bulbs which beset the stalk of the tiger-lily, or 
protrude from the margin of the leaf in Brjiophyllum. This 
process nf bud formation occurs also, to some extent, in the 
animal kingdom, as among the hydras, but is by no means of 
such general occurrence as in plants. 

Under ordinary circumstances all the buds on any particular 
plant are in all material points alike, and the shoots residting 
from those buds are also alike. There are differences in size 
and vigour and what not, for no two are preciaeVj a.^ft wk^ 
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more than any two slieep in a flocli, or any two peas in a pod, 
are precisely alike ; still, for general purposes, we may say that 
all the buds and all the shoots from those buds are alike. To 
BUch an extent is this true tliat it is the general practice 
amongst gardeners to propagate, by means of cuttings or grafU, 
any particular variety they may be desirous of perpetuating, 
because reproduction by seed does not offer the same certainty 
of reproducing the particular quality required as propagation 
by buds does. But it now and then happens that one or more 
buds on a particular plant, and one or more shoots, are not like 
the rest, and then we have what in garden phraseology i» 
termed a " sport," but which is more correctly styled a bud- 
variation. 

We propose to cite simdry selected illustrations of this 
phenomenon, with a view to show how wide the range of varia- 
tion may be, and in what different ways it may manifiist itself. 
The simplest case, because it involves no appreciable change of 
form, is that in which a single hud, or a collection of bud* 
in one particular part of a plant, is more precocious in it« 
development than the others on the same tree. lostaDces 
of this kind are not uncommon. The buds on one particahr 
branch may he each year considerably in advance in point of 
development of their neighbours, and this without there being 
any appreciable reason, such as more perfect protection or 
shelter on one side than on another. Thus we have seen two 
ahoots of red currants taken from the same branch : on the one 
spray the flowers were ten days earlier in point of expansion, 
the new shoots being as much as 6 in. in length, while on the 
other Bpray the buds were ouly just exiiandin^. With reference 
to this point, it may he remarked that the same phenomenoo 
occurs in tho case of seedling varieties. There are certain 
horse-chestnuts — some of which have almost bistorical fiutMt, 
such as the Marronnier du Vingt-Mara in the Tuileries OardflH 
— which are year by year several days in advance of their kind 
in their development. But the circumstance of the wholo 
organism exhibiting this precocity is not so striking as is tho 
early development of one particular branch or set of brancbn, 
as compared with the rest. 

In point of size, whether increased or diminished, there i« 
often great difference in the different branches of the same tree. 
For some reason or other — what, no one knows — the aboot* 
on a particular branch, instead of lengthening as the rest do, 
remain stunted and dwarfed. Several curious garden varieties 
of firs, such as the Clanbrasilian lir, have originated in tbiamj* 
and are reproduced or propagated by cuttings or grafts at tbo 
Vill of the gardener. The birch affords frequently illustiatiiMM 
f tbiB phenomenon, in the {ottu of ItLoae tufted agglomerations 
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ofccmtivcted sboots so strikingly resembling birds' nests. A 
■miku occurreiice is not uncommon in the ivild cberry ; and a 
enftespondent — Mr. Webster, of tbe gardens, Gordon Castle — 
atotma us that he has observed similar growths in tbe common 
Umroam, in the Wych elm, and in tbe Scotch fir. Sometimes 
tile determining cause may be discovered in the shape of an 
Insect or fungus, but in this case tbe tmusual condition ceases 
with tbe destruction of the impeding cause, whatever it may 
be, ukd the condition cannot then be perpetuated by the art of 
the gardener. 

VoriatioD in the colour of certain leaves or flowers is an 
cqwllf common occurrence, and is perhaps more easily undei- 
•tcmd. Each individual cell, to a large extent, lives inde- 
|ieodently of its neighbours, and the secretions it forms and 
dfposts are very often different from tliose of adjoining cells. 
Colonring matfnalR, especially fluid ones, are notoriously liable 
to he formed in isolated cells. Again, variations in colour so 
often depend on the mere superposition of cells containing 
msterial of different tints, that the changes met with, though 
•trikiiig to the eye, do not seem to indicate so complete a 
change as in the case of alterations of form or size. Very many 
of the variegated Pelargoniums, so fashionable now-a-days, have 
originated as " sports" from some previously existing variety. 
The intrinsic change between some of these varieties, even 
where apparently very considerable differences exist, is, in 
Bome instances, very slight, 

A marked ditference in the amoimt and qualify of the pubes- 
cence is not iuifre<iuently manifested in some of these cases of 
bud variation. A plant which ordinarily has its leaves and its 
younyer bra.nehes invested with a coating of hairs (epidermal 
appendages), all on a sudden produces a shoot on which the 
leares are destitute of such clothing, or vice vmw. Some of 
I (iie moss roses have originated from plain-leaved varieties in 
^Lttc manner Just indicated. 

^K^But of all these cases tbe most striking are those which involve- 
^ra( change of form. We see, for instance, not unfrequently a 
^pwticular branch bearing leaves very different from those on 
tbe rest of the tree, so different that but for their production 
«n one and the same tree, the obsener might readilytake them 
to belong to different species. Many trees now cultivated for 
ornamental purposes have originated in this manner, such as 
tbe cut-leaved beech, the oak-leaved laburnum, and very many 
more commonly to be found in plantations. Very often the 
whole " habit " or aspect of tbe tree is altered by these varia- 
tions- thus mauv of the so-called "weeping trees" have sprung 
fir^m a wlitary branch of a tree which presented a pendulous 
-' ■ , r Some trees, it may be remarked, naturally produce 
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leaves of very differetit forms : especially notable in this 
is the Euphrates Poplar, Populus euphratwa^ suppoMd 
reaaoQ to be the willow mentioned in the Psalms, 
the variation is confined to one half of the leaves. 
able instance of this kind has been noted by A. Bratm 
Bpecies of Tri/iia, wliere one half of the leaf was undii 
other deeply gashed into narrow segments. 

The history of these variations is pretty much the 
all cases. All on a sudden a tree, wliich heretofore has prodi 
ehoota and leaves of the usual character, emits shoots with leaxt* 
of a totally different form. If they be such aa the cultivato 
thinks likely to serve his purpose, lie takes care to prop^lc 
them by means of grafts or cuttings. Sometimes variatioMof 
this character may be reproduced by seed, but tbt-re is httie 
certainty as to this. The same kind of variation occun in 
flowers and fruits. In tlie former it is Dsually associslol 
with distinctly recognisable alterations in the phenomena of 
reproduction, aa in what are spoken of as dimorphic or tii- 
morpbic flowers, some instances of which have been so carefoUf 
investigated by >Ir. Darwin. To this latter class of bud varia- 
tion we shall do no more than make passing allusion, but tbeie 
are other cases which have apparently no relation to variations 
in the phenomena of fertilisation or reproduction, and which 
are strictly analogous to those already mentioned as occurrinf; 
in the leaves. Every now and then, for instance., two rose* of 
different forms and colours will be met with on the same stallt, 
such as a whito moss rose in association with a pink one of s 
different form and destitute of mossy appendages. We have In 
a former paper in this Journal referred to some of these caiO 
and to the famous Cytiaua A<lami — a laburnum bearingyellow 
and purple flowers as well as leaves of different character — and 
have also alluded to the alleged causes of these strange pheD£K 
mena, on which account it ia not necessary now to do mote 
than refer to them. What is a rare occurrence in the rose, sod 
is only known in one or two species of laburnum, is compa- 
ratively common in the chrysanthemum. There are indeed 
particular varieties of this favourite autumn flower which ue 
specially liable to produce flowers of different characters on the 
same branch. Generally speaking, but by no means always, ths 
change is confined to the colour of the flower only, and colour, u 
we have seen, is proverbially fickle in flowers. Among com* 
monly cultivated plants azaleas and camellias are peculiarly 
liable to " sport." In the former plants indeed one may ofi^n 
witness much variation in the shape and colour of individual 
blosBomB, and very frequently parti-€oloured flowers anil otJicrf 
intermediate between eitreme forms- In the case of thi 
similar variations occur — peaches and nectarines 
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bough ; black and white grapes in the eamc bunch ; gooseberries 
of different kinds on the same bush ; pears, apples, or cherries, 
of different shapes, colour, and flavour, on the same bough. All 
these are, though of course rare, yet familiar occurrences to 
those on the look-out for such phenoniena. It is necessary in 
fionie of these cases to investigatR closely to see whether or no 
grafting of different sorts on one stock has not taken place. 
No doubt some of these cases, recorded by lovers of the mar- 
vellous, were simply cases of adhesion or inocidation, but, 
allowing for these, there still remains a large number which 
cannot be explained by any such process. 

The above-cited illustrations might be largely added to were 
it necessary to do so. Mr. Darwin's work on "Animals and 
Plants " contains allusions to many others, and inclndes many 
references to the literature of the subject. The horticultural 
journals, British as well as foreign, contain very numerous 
records of such cases ; * but we liave cited enough for our pre- 
sent purpose, and may now pass on to the discussion of some 
of the alleged causes of the phenomena in question. 

It must first of all be premised that these bud variations are 
not necessarily to bo considered as malformations. Their or- 
ganisation is often perfect, they are not distorted, they are 
simply variations ; and next, they occur not eiclusively in 
plants that have been long subjected to cultivation, but abo 
in wild plants. Now plants that have been long in cultiva- 
tion have for the most part Iwen hybridised or "crossed" 
over and over again. Thus iu the case of the pelargonium, it 
is supposed that all the immense number of different kinds 
now in cultivation have originated from two or three species. 
These have been hybridised or crossed, their offspring has been 
crossed in the same way, and so in the pelargonium of the pre- 
eent day we have a plant which has, so to speak, a great deal 
of very confusedly mixed blood in it. 

Bud variation is very often only a reversion — a harking 
tack — to the characters possessed by the parent ; it is the 
result, as the phrase goes, of a disBOciution of hybrid cha- 
racters, the consequence of a sort of filtration by which the 
constituent elements liecome separated from their previous ad- 
mixture.t This reversion maybe proximate, just as you may see 
in a family of children that, while most of them resemble both 

" A list of mnny sucli iuBtnnces niny also be foimd in M. CwriSre's " Pro- 
ductiun et Pimtion dea VAriiSb^H." 

♦■ The papers of Nnudin, Bmuo, Rejureneacenco (CytiauB Adainh, Kid 
Ducljutre, Note »ui le Chnasolos Piuittchi,', iu the " JoutofiI de U SocidtS 
impeiiale et centnle d'HorticuUare," 180-5, flhould be read in referenca to 
thig put of our subject. 
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parents, some are like th« one or tht; other, wbile Bome agatD 
present little likeness to either parent, hut reproduce tlu 
lineament of some remote nneestor. A singular iUustratiiiQ 
of this phenomenon was broiiglit under the writer's notice by 
Mr. Wilk, and in which two plants of pelargonium showed the 
characters of three separate ancestors ; the exact lineage of one 
was not fully known, hut the history of the other was definite-lj 
recorded. The plant in question presented, after the fifth 
generation by seed (and not till then), various branches bearing 
leaves undistinguiehable from those of the varieties known as 
" Unique," " Beauty of Oultou," and " Italia Unita" — three 
very distinct varieties, each of which wore known to liave 
been at some time or another ancestors of the plant in que»- 
tioD, either ae furnishing pollen or as the seed-parent. 

Another plant of mixed origin, after retaining its characters 
for three years, suddenly produced branches some of which 
had leaves of the form and colouration of those of "Beauty 
of Oulton," the original seed-parent, while the remaindcr 
were bedecked with leaves in all respects similar to those of 
** Lucy Grieve," the ancestral pollen or male parent. The two 
varieties in question are widely differeuL In the cases just 
alluded to there was not a mere change of colour — an i^bir 
of comparatively minor importance — but there was a chaI^^ 
of configumtion and substance. Other cases of a similar 
nature have been recorded by various observers, ainongst 
others by Mr. Grieve, the raiser of the popular " Mre. Pollock"' 
pelargonium. 

Of course any plant produced from seed requiring for Hm 
development the contact of the pollen tube with the ovule or 
the germinal vesicle must be held to have mixed chaTacters, 
and more markedly so in th« case of unisexual floweni, either 
moncecious or ditecious. From this point of view a case lately 
recorded by Mr. Meehan becomes very significant. That gen- 
tleman relates that he obtained cuttings from Cuphea Uiantlui, 
a dicecious plant, producing its male and female flowers oa 
different individuals. It is not stated whether the cuttingi 
were taken from a male or a female plant, hut it is stated that 
some of these cuttings produced male, others female, plants, 
and yet all were taken from a plant of one sex only. So, too^ 
it is well known that certain unisexual trees will in aoma 
seasons produce male flowers only, in other seasons female 
flowers only, and vice versS, 

To enter into questions relating to tlie sexuality of plants 
would, however, lead us too far. We merely now indicate the 
Sets, as proofs of the composite character of the plant. 

But dissociation of mixed characters will not account for fell 

B caaes of bud variation. Very often we have no evidence »t 
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^^Pft of previous hybridisation or crossing ; or, even where Biich 
fats exipfed, the form produced is not like that of either of the 
supposed progenitors. 

Such cases as the fern-leaved beech do not Bcem explicable 
by either hypothesis. The sugar-cane, which rarely if ever 
flowers, and hence offers no opportunity for hybridisation, 
nevertheless produces new varieties by means of bud variation. 
Potato tubers, again, vary greatly often on the same plant, but 
these may be the result of former crossing. A case related by 
Mr. IMeehon, in the sweet potato {Convolmdue Batatas), is, 
however, not open to this objection, The plant in question, it 
appears, never flowers in the Northern States of America, and 
yet it has been known to produce tubers of two distinct va- 
rieties—the " Ked Bermuda " and the " White Brazilian " — on 
the same root. 

Reversion to an ancestral condition is a atill more hypo- 
thetical cause than dissociation of mixed characters, as we have 
scarcely ever any means of knowing what the assumed con- 
dition was. We have, therefore, to look to other causes. We 
shall not advance matters much by attributing the changes 
in question to an innate tendency to vary possessed by buds 
as well as by seedling plants, which are, in so many respects, 
analogous with buds. Doubtless there Is such a tendency, but 
we want to get at the " why and wherefore " of the proclivity. 
The following illustrations may in some slight degree furnish 
a clue to the attainment of the desired end. In the first place 
we must not overlook the circumstance that, under ordinary 
conditions, the several organs of plants often vary according to 
the part of the plant upon which they grow. Botanists recog- 
nise this when they give different names to the root-leaves, 
stem-leaves, floral-leaves, bracts, &c. Again, there are such 
cases as the seedless barberry. This plant can be propagated 
by cuttings, and its seedless condition can be thus perpetuated ; 
but if the plant be multiplied by suckers or shoots thrown up 
from the underground stem, the fruits produced have seeds as 
usual. This is an evidence of a difference in the internal 
organisation of different parts of the same plant. Another 
illustration of a similar character lately came under obser- 
vation, in which a sucker from the root of the tree of heaven, 
AiiantkiLB fftavduloaa, produced ejjg-ahaped leaves and a dense 
cluster of flowers while only a foot or so in height {see fig. 1), 
the ordinary babit of the tree being to grow for several years 
before flowering, to form a lofty stem, and to produce large 
compound pinnate leaves like those of the common ash. This, 
in gardening phrase, would be a " sport," but it is clear it had 
nothing to do with hybridisation, the form produced beinE 
unlike that of anj other allied plant. Moreover, ttie^fc \a t 
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evidence to render the ncciirrence of hybridisation id this par* 
ticular case at all probable. We can only attribute it to a 
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difference in the oi^nising force manifi?st«<] in certain part* 
of the plant as contrasted witli others. 

Of a similar character are the observations made by practical 
gardeners as to the difficulty, and in some cases impossibility, 
of perpetuating a variegated condition of the leaves by dividio); 
the root ; plants so produced having green leaves. A French 
nurseryman, M. Lemoinc, notes this in the case of varie^^ti^d 
pelaxgoniuras, and in certain forms of Symphytum and PKlox, 
and his experience tallies with that of English cultivaton. 
Again, in the common practice of budding roses, if the bud b» 
taken from a long rampant "gross" shoot, with a great ten- 
dency to form leaves and little tendency to produce flowers, th« 
bud, transferred to its new home, will reproduce the imdesirahla 
characters of tho parent shoot : hence the care requisite 
tddiag' to take buds from Bhort-jqinted flowei^beariag shoott. 
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into comideimtioa in vpecnktiBg oo tbe origin of bod 
ioo. A Inge nmiiber of fdrata do not immediatdj 
e their vMitod habit, tfac^ pass through an intxnnediate 
orstages. This is paiticiilarlr ohseirable in the case of 
iTB, the jarenile state of which is onen reir differmt from 
ipearxnce presented in the adult state. It now and tbm 
D3 that, after a plant has lo«t its youthful cbanctera 
isEumed its ^ill-grown developement, sundry branches, 
[ne unknown reason, revert to the in&ntile foim. In the 
on ivy we hare a Eamiliar illustiation of a similar 
menon. When the plant is about to {ux>duce floweis it 
es an erect bushy habit, it« leaves alter in form, indeed 
lole aspect becomes changed. If now such branches be 

off and propagated, the characteristic form remains as in 
are called tree iviea. If the life history of such a plant 
lot known, the bud variation just mentioned would appear 
more inexplicable than it now does. Again, the leaves 
>werg produced on the same plant at different seasons are 
naturally different. Dr. Balfour has lately called atten- 

a remarkable instance of this phenomenon in a species 
wkweed, Hiei-adum, which presents three distinct forms 
ling to the season at which it flowers. Occasionally even 
lal observer is stnick by the appearance of a second or 

1 third crop of flowers on laburnums, or pear-trees, Wist- 
and others. In such instances it will generally be found 
amination that the adventitious flowers spring from buda 
I under ordinary circumstances never produce flowers, but 
eaves, or that tliey are placed on portions of the tree 
ly devoted solely to the production of leaves. How much 
ipeet of the tree ia altered in such cases may readily be 
sed : the casual spectator cannot fail to notice it, but the 
nation of the phenomenon rarely strikes him. 

might have been anticipated, a change in the external 
tions imder which a plant lives will often cause very con- 
ible variation in its form : thus a species of fig, Ficus 
lata, is commonly grown on the walls of hot-housea, to 
1 it clings ivy-fashion. The same plant grown as a standard 
pot has a totally different appearance. On the wall it 
mall thin leaves, and it clings to its surface like a large 
or a miniature ivy. Planted out it forms a stout busby 
■ with largo coarse leathery leaves, bo different from thosa 
id when the plant is growing against a wall tliat no 
ist unacquainted with the history of the plant wQuld 



liesitate for a moment in raoking it as « distinct 
Some of tbe Marcgraavias present similar phenomeDa. In botl 
tbeplants jiist nained the writer lias eeen on plants gixi wing 
against a wall shoots produced of the character of those formed 
by the plaut wbeo growing unsupported. The inference from 
these facts ia that what we call "sports" or bud variations are 
often only exceptional illuEtrations of a normal tende&cy- 
esceptional in so far that they arc maaifested at unusual tiioea 
and places and imder unusual conditions. 

The individuality or comparative independence of bnds— * 
circumstance often noticed — is also brought prominently inla 
view by Buch facts as we have recoided. An interesting qu* 
tion arises as to whether there are difierences in the plial 
originating from bud variation as compared with one tlie pn> 
<luce of variation from seed. It is a matter of every-dsy a* 
perience with gardeners that seedling plants vary greatly— even 
though the produce of the same seed-vessel, and even thoodi 
not the oflspring of hybridized or cross-fertilised parenta. Il 
there any perceptible difference between a seedling variety 
obtained as just explained and a bud variety ? In other warit, 
are there any means of disttnguishiog, in the case of a culdvsteil 
plant of unknown history, a "sport" from a " seedling "? We 
have tried in vain to find any such difference. The experience 
of the moat able cultlvatoxB furnishes no data on this hai. 
But although this is so, there is an equally prevalent imprefltton 
that while a variety cannot always be perpetuated " true" frnni 
Eeed, it can be propagated unchanged by cuttings or gnfti- 
The best varieties of apples or pears — to cite only one instanot 
— are propagated by gnU'ts, because there is no ceriAinty at all 
that the pips will reproduce the desired variety ; far more com- 
monly they produce something else. There is, then, a diSerenoe 
between seed variation and bud variation, in the gn-ater dtgatt 
of permanence of the latter. That this difference is not ohm- 
lute is shown by the following case recorded by M. Ita&irin ioi 
French horticultural journal. 

"In 1866,at LaMuette,a pelargonium with pale rose-colooicd 
flowers was observed to bear a branch, all the flowers on whid 
were of a deep red colour. Cuttings were taken from this * spoil,' 
from which 20 plants were raised, which tlowerediu 1867, wheP 
it was found that scarcely two were alike. Thus while 
bore rose-coloured flowers like those of the original plant) 
others had red flowers, like those of the ' sport ' ; others again 
bad red and rose-coloured blossoms on the same plant and cren 
inthesame tniss. Kay more, even the petals partook of tha 
parti-coloured nattu^, for in the same flower were petaU of > 
rose, or a red colour, or of a blended hue, L'nfortunatety 
neither the name of the variety nor its genealogy are given, » 
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UMt we are unable to say positively wlietlxer this was a ease 

^f reversioa or no." 

It may perhaps be said that seedling variations sucli as happen 
$a the apple or the pear are the necessary outcome of the croaa- 
fatilisation to which the plants in question have been 

.aabjected for ages, just as the bud variations in the case of the 
jtelargonium are. This may be true in some cases, but can 

- iurdly be so in all : for instance, in a lied of seedling conifers, 
anch as Lawson'a cypress or deodars, raised from imported seeds 
tsken from wild plants, oflen from the same cone, the number 
of seedling varieties is often large. In the case of cultivated 
flants as of domestic animals, Mr. Darwin has shown how tlie 
nariations that arise are directly connected with the objects for 
irbich the particular plant or animal is cultivated. A plant, 
for instance, grown for the sake of its fruit is apt to vary in its 
fruit chaiactors more than in its leaf characters. But although 
this may and no doubt does apply to a considerable extent in 
tile case of seminal variations, it seems less applicable in the 
case of bud variations, as will be judged from the illustrations 
before given, as also from the negative evidence afforded by a 
plant like the Jerusalem artichoke, which is propagated excln- 
avelj by its tubers, and indeed never ripens it« seed in this 
eoontry, and which has produced no variation by "sport" or 
dimorphism, although so largely grown and for so long a period. 
Sir. Darwin attempts to explain the phenomena of bud 
nriation, as of inheritance and reproduction generally, by bis 
b^potbesis of pangenesis. This hypothesis proceeds on the 
aasumption that every cell of a living organism gives origin 
to an innumerable host of "gemmulea" in minuteness as 
io number transcending conception. These gemmules divide 
and multiply, or they lie dormant possibly for ages. They 
circulate throughout the organism or they become aggre- 
gated together, and so form embryos or buds, and they are 
transmitted from one generation to another. There is nothing 
improbable in the assumption of the existence of these gem- 
mtdes ; and, if we take their presence fur granted, it is easy to 
Bee how they afford an explanation of the phenomenon of 
reversion to an ancestral condition, such as bud variation so 
frequently presents. Gemmules derived from a phmt's remote 
progenitors are, according to the hypothesis, circulating in the 
present generation, and it only requires the occurrence of 
bvoorable conditions to determine the revivification of these 
now dormant gemmules to reproduce the ancestral form. There 
still remains the ditSculty of ascertaining what the favourable 
conditions are which determine this change. The reason for 
the prolonged dormancy of the gemmules is also not obvious. 
But, supposing we admit the gcmmule hypothesis as sufficient 
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to account for reversion by bud variation, there yet remalo 
that larger class of bud vuriatioDS wherein there ia no bub- 
picion of revereion. 

This latter category, ho far as we see, can only be ei- 
plained by Mr. Darwin's assertion that, in " cases in which the 
organisation has been modified by changed conditions, the 
increased use or disuse of parts or any other cause, the gem- 
mules cast off from the modified units of the body will be 
themselves modified, and, when sufficiently multiplied, will be 
developed into new and changed structures." 

But before we can, with propriety, avail ourselves of this 
latter explanation, we have to be satisfied that a change of 
conditions has really been in operation. And this is too often 
beyond our ken. The majority of bud variationa not dis- 
tinctly referable to reversion, appear suddenly, without &uf 
obvious change of eitemal condition, we know not why «t 
wherefore. Suppose we admit, on the ground of intrinsic 
probability, the operation of changed conditions, even thoi^li 
we may have no direct evidence on the point, we have yet to 
explain how and why one particular shoot on one particuUr 
part of a plant should be licted on in this way, when tliero i* 
no appreciable reason why it should he influenced more than 
the rest. 

There is still another way of explaining the phenomena on 
the gem mule hypothesis, and that is, by supposing changes in 
the number, arrangement, or position of the gem.mules ; and 
this supposition, though plausible, is yet based on a number of 
mere assumptions, and, moreover, it leaves the cause of the 
altered condition of the getnmules entirely unexplained. 

To sum up, then, we noay say that there is no absolute 
difference between bud variation and seed variation. The 
changes manifest themselves in the same manner and in the 
same organs in the case of buds or seedlings respectively. The 
conditions, so far as we know, that produce variation in the 
one are the same that are effectual in the other. I.astly, apart 
from the different mode of origin, there is no essential diffe- 
rence between a hud formed as the result of fertilisation, ».«., 
an embryo, and one formed without the direct agency of tie 



two sexes, i.e, 



1 bud. 



AN ACCOUNT OF A GANOID VISR FROM 
QUEENSLAND {Ceratodus). 

Bt dr. ALBEBT OCNTIIER, F.R.S. 



[PLATE LXXXVI.] 



TVB genus Ceratofkis lias bpen established Ijy Professor Agaasiz 
for teeth whieh are found in strata ol' Juradsic and Triaasic forma- 
tions in variouB parts of Europe and India. These teeth (fig, 3), 
of which there is a great variety with regard to general shape 
and size," are much longer than broad — sometimes 2 in. long — 
depressed, with a flat or slightly undulated, always punctuated 
crown, with one margin convex, and with from three to seven 
prongs projecting on the opposite margin. They have always 
been found isolated, sometimes with a portion of a bony base 
attached to them. Vet Professor Agassiz pointed out, from 
their shape, that there must have been only two of them in the 
upper jaw and the same number in the lower, that the convex 
mai^n was directed inwards, and the pronns outwards. No 
other part of the fish to which they belong has hitherto been 
found associated with them ; but Agassiz considered it to have 
been a cartilaginous fish, or more especially a shark — a view 
not so very far from the truth, as we shall see hereafter. 

The discovery of a Ceratodont fish in the recent faima ia 
due to the Hon. William Forster and Mr. Gerrard Krefft, the 
Curator of the Australian Museum at Sydney. Years ago the 
former of these gentlemen had informed Mr. KreSl that there 
existed in the fresh waters of Queensland a large fish with 
cartilaginous backbone, but he was thought to be mistaken 

• Mr, Higgins poseessefl the UrgeBt, and probably most unique, collection 
of Cetatodont teeth from one locality— viz. from Aust-paasage near Bristol. 
Among Bome 300 apecimens there are Bcarcely two which toe aufficientlr 
alike to be sisigned to the aune iudividuftl. 

yoL. SI. — no. iLiv. a 
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until he eucceeded in obtaining for Mr. KrefFt a Bpedmen vMcb. I 
although in an imperfect atutc of preservation, removed sB I 
doubts on the matter, pnd enabled Mr. KrefFt to commumcatc I 
this remarkable discovery to the Zoological Society of London I 
(April 28, 1870). He says: "The discovery of a species gf I 
L^ndosiren in Australia will, no doubt, take the scientific I 
world by surprise — the more so as this newly-found amphihian I 
has a dentition different from that of Lepidoairen, and closelj 
resembling the teeth of certain fossil sharks described I7 
AgasaLz under the generic term of C'eratodue. On this ground, 
and being convinced that the various species of animals classed 
under the name of Ceratodus were not sharks, but amphibiuie, 
I shall adopt Professor Agassiz's name, and describe the Ans- 
tralian amphibian, in honour of its discoverer, as Ceratedm 
forsteri." 

As soon as Mr. KreEFt had recognised the importance of tlua 
discovery, the Trustees of the Australian Museum t<x)k sl'-p 
to secure well-preserved examples. They sent a collector 
into the district where the unimal was known to occur ; and, 
with, their usual liberality, they despatched to tho British 
Museum for examination the first specimens they could spare, 
by which I was enabled to work out the details of its structure. 
Some attempts subsequently made to obtain other examples 
appear to have been unsuccessful, as the fish is locally distri< 
buted, and easy of capture at a certain season or at a certain 
Etat« of the water only. 

The specimens hitherto obtained have come from the Bumt-tt, 
Dawson, and Mary Eivera, some from the fresh water of the 
upper parts, others from the lower brackish portions. The fish 
ia said to attain to a " weight of twenty pounds," and a^;ain U> 
a " length of siz feet," the largest example sent lu the Britii^ 
Museum being about three and a half feet long, liocally tba 
settlers call it " Flat-head," " Burnett-," or " Dawson-Salmoo," 
and the aborigines " Barramundo," a name which they appetr 
to apply also to another similar fish, the Osteogloaeum lei^ 
ardti. I found the intestinal tract crammed full of more or 
less masticated leaves of various plants (Myrtacece andi 
QrammecE ; they had lost the green colour entirely, being of] 
a tmiformly deep black, as if they had lain in water for sotna 
time, and were eaten when in a decomposing couditioo. Tha 
quantity of these vegetables is enormous, and there is no doubt 
that they constitute the principal food of tho fish. Shells, tn^ 
ments of which have been found in the stomach, may have 
been swallowed accidentally ; however, it has been stated re- 
peatedly that the fish can be caught with a book baited witii 
a worm. The flesh ia Balm.on-coloured, and much esteemed U 
£ood. 
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i Barratuunda {we will uee tliiu probably oldest name)'^ 
B said to be IB the habit of goio^ on land, or at least on mud- 
flats ; and thia assertion appears to be borne out by the fact that 
it is provided with a lung. On the other hand, we must recollect 
that a similar belief has been entertained with regard to Lepi- 
doaireii, of which now numerous examples have been kept in 
captivity, but none have shown a tendency to leave the water. 
I think it much more probable that the Earramunda rises now 
and then to the surface of the water in order to fill its lung 
with air, and then descends again nntil the air is bo ranch de^ 
oiygenised as to render a renewal of it necessary. It is also 
said to make a grunting noise, which may be heard at night 
for some distance. This noise is probably produced by the 
passage of the air through the cesophagus when it is expelled 
for the purpose of renewal.' As the Barramunda has per- 
fectly developed gills, besides the lung, we can hardly 
doubt that, when it is in water of normal composition and 
sufficiently pure to yield the necessary supply of oxygen, 
these organs are sufficient for the purpose of breathing, 
and that the respiratory function rests with them alone. 
But when the fish is compelled to sojourn in thick, muddj 
water charged with gases which are the product of decompos- 
ing organic matter (and this must be the case very frequently 
during the droughts which annually exhaust the creeks of tro- 
pical Australia), it commences to breathe air with its lung in 
the way indicated above. If the medium in which it happens 
to be is perfectly unfit for breathing, the gills cease to have 
any function ; if only in a less degree, the gills may still con- 
tinue to assist in respiration. The Barramunda, in fact, can 
breathe by either gills or lungs alone, or by both simultaneously. 
It i9 not probable that it lives freely out of the water, ita 
limbs being much too flexible for supporting the heavy and un- 
wieldy body, and too feeble generally to be of much use in 
locomotion on land. However, it is quite possible that it is 
occasionally compelled to leave the water, although I do not 
believe that it can exist without it in a lively condition for any 
length of time. 

Of ita propagation or development we know nothing except 
that it deposits a great number of eggs of the size of those of a 
newt, and enveloped in a gelatinous case. We may infer that 
the yoimg are provided with external gills, as in the African 
Lepidoairen and Polypterue. 

Before I proceed to the description of the Barramunda, it 

* Qumarda {Trigta) and Bull-beads {^C'ottui) ate well known to produce 
a smilar noiw when drawn out of the water, by the th luehing from tJ 
air-bladder through the (Mophagua, 
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will not be out of place to refer bere to a. lemarlEable I 
geographical distribution whicb I bave omitted in ni3i^_ 
vioiis communications on Oeratodtis. The di\'isioD of fresb-water 
fishes offers not a few instances in whicb two or more natural 
forailiea, much differing in their structural characters, haw 
exactly the same geographical distribution. We shall see sub- 
sequently that Ceratoflus, Protopterut, and Lfpidoairent an 
meml»ers of the same natural Ganoid family (^SirenidtB). Now 
this family coincides in respect of its geographical range with 
s Teleoeteoua family which I have called OaUogloaaiSe, and 
which comprises the genera Ostf-ogloaawm.^ Arapaima^ and 
Heteivtie, as will be seen from the following table :- 



Gakoid. 






Tropical Am 



TBLBOSTBOtrs. 



OBteogloBtum bidirboa 
AmpitiiuA (rigns. 



Cemtodus Fnwti-ri. 
CerbtodiM raioIc^iiB. 



Trnpicftl Aiielralitt. 

Osteo^lossum Leicbar 



East Indian Arehipdago. 

Ost«o|;]oHUin formomm 



Proloptflras I 



Tropical A/rie 



Ileterotia niloticua. 



Thus it is only in the East Indian archipelago that » 
not yet found the Ganoid representative of the Teleosteon 
teoghasuin foinnosum. That it will be found there I bave n 
doubt. O.formosum baa hifhertit been obtained in Siimatn, 
Banka, and Borneo ; and of the inland fishes of the latter island 
scarcely anything is known at present. 

Tbo hoiiy of the Barran^iinila (fig. 1) is eel-ehaped, but con- 
siderably shorter and thicker than a common eel, and covered 
with very large seniles. The Jiead is nearly entirely naked, covered 
with a porous skin, flattened and broad, the eye lateml and 
email, the mouth in front of the broad snout comparatively 
narrow, and provided with thick and soft lips. The gill open- 
ings are a narrow slit on each side of the bead, immediately 
in front of the fore-paddle. There are no external nostrils. 
The foremost portion of the trunk is depressed like the head, 
|-^ut it snon passes into the compressed remaining portion, 
e boundary l>ctween trunk and tail being externally in- 
»t«d by the vent only, which is situated between the hind- 
idles. The tail varies in length ; it is sometimes sborl-ened, 
J Jt api>OArs that mutilations of this part, particularly when 
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opening in early youth, are readily repaired. The tail 

diminishes rapidly behind in vertical dimension, till it ends 
in a thin point. The entire tail is surrounded by a broad, 
vertical fin, which commencea on the back behind the middle 
of the trunk, and is supported by innumerable iine cartila- 
ginous raya. There are two fore and two hind paddlm, similar 
to each other in shape and size, and very different from the 
fins of ordinary fishes. They are covered with small scales 
along the middle from the root t-o their extremity, and sui-- 
rounded by a rayed fringe similar to the vertical fin. These 
paddles are flexible in every part and in every direction, and 
too feeble to assist in locomotion on land; they may lie of 
use when the animal crawls in water over the muddy bottom 
of a creek ; but the principal organ for locomotion is the tail, 
as in tailed Batrachians and the majority of fishes. 

The nasal openinge and the dentition tan be seen only after 
the mouth has been slit open. The situation of the former 
within the cavity of the mouth, two on each side, is a very 
important character, which hitherto had been known in 
Lepuiosiren. The number and form of the teeth has been 
noticed above, and we have only to add tliat, beside thtae 
molar-like teeth, there are a pair of incisor-like teeth in the 
fore part of the palate, obliquely iuwerted in the vomer, and 
without corresponding teeth in the lower jaw. Knowing the 
kind of food taken by the Barramunda, we can readily per- 
ceive that the incisors will assist in taking up or tearing off 
leaves, which are then partially masticated between the im- 
dulated surfaces of the molars, 

With regard to the scales, we may add that a slight difference 
in their number has been observed in the specimens examined, 
a difference which, on a more extended examination, may 
prove to be not constant. The specimens from the Burnett 
Hiver, to which first the name Ceratodua foTsteri has been given, 
have the middle of the trunk surrounded by eighteen series of 
scales, whilst there are twenty-one of these series in examples from 
the Mary River. Consequently the scales appear conspicuously 
smaller and more numerous in the latter form, which I have 
named C. Ttviolepia. 

The skeUfoTi. is cartilaginous; where ossification appears, it 
is in the form of a more or less thin covering enveloping the 
cartilaginous substratiim, but never taking its origin in the in- 
terior or by transmutation of the cartilage. Instead of a ver- 
tebral column we find a simple long, tapering chord, without 
any segmentation, but supporting a considerable number of 
apophyses. Twenty-seven of them are abdominal and bear 

Kll developed ribs. A positively defined boundary between 
> notochord and the skull does not exist, \>\iti 
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section the tapering end of the former may be traced wedg«d 
into the basal portion of the skull. The skull is a completely 
closed cartilaginous capsule, nearly entirely covered with super- 
Ecial bones, to which, again, some other cartilaginous elements 
are appended. In the former the conSuence of cartilage is so 
complete that no distinct diTieions are traceable by sutures. 
The t^umentary bones may Vje designated as, 1, ethmoid ; 2, a 
pair of ossa frontalia ; 3, a pair of ossa pterygo-palatina, bearing 
the upper molars ; 4, a single sclero-parietal ; 5, an os basale ; 6, 
an OS quadratum ; 7, operculum ; 8, aiiboperculum ; and 9, man- 
dible. Distinct maxillary and inter-maxillary elements are not 
developed, hut replaced by facial cartilages which pass into the 
suborbital ring. 

On the whole the structure of the skeleton reminds us much 
of that of the Sturgeons, Chimcera, and Lepidoairen, and of all 
■ the modifications by which it differs from these allied tishes none 
is of greater interest than the peculiar structure of the paddlea 
(fig. 2). The fore-paddle is joined to the scapular arch by an 
ot)long cartili^e (forearm) and by a broad basal cartilage 
(carpus). The central part, which we have found externally to 
be covered with scales, is supported by a jointed axis of cartilage 
extending from the carpus to the end of the paddle ; each joint 
bears a pair of three, two, or one-joint«d branches. The skel^ 
ton of the hind-paddles is formed on exactly the same plan. 
This singular fitnicture is of interest from several points of view: 
1. The analogy of this framework to that of the caudal portion 
of the vertebral column is obvious, Ceratodus being not only 
tnily diphycercal as far as the termination of the body is con- 
cerned, but also with regard to the extremity of its paired 
fins. The many-jointed pectoral axis may be compared to the 
series of neural and hiemal apophyses, both forming the baie 
to a system of superadded processes (here two or three-jointed 
lirancbee, there neural and interneural, hsimal and inter- 
hiemal spines), which are destined to serve as supports to 
the surrounding soft parts, and more especially the raj« 
of the 6n. Further, as the beterocercal tail of the stui^ 
geon is justly considered to Ih? a later development of the 
diphycercal form, so the pectoral (in of those fishes proves 
to l>e nothing but the hctcrocercal modification of the 
diphycercal Ceratodont paddle. 2. The singular filamentary 
Limbs of LRpldomren prove to be typically the same as the paddles 
of Ciiratodu3, but there they are reduced to the simple ct>atral 
cartilaginous axis, with the addition of only rudimentuy 
rays in the .\frican species. 3. Professor Huxley has already 
drawn attention to the afSnity existing between the limbs « 
Lepidoeireii and certain fossil Ganoids, of which improaiiiain 
/ paddles with ecaly centreft ba.^e Weu vi«aerved (fringed or 
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lobate fins). Ceratodus clearly proves the correctness of thin 
view, and we are fully justified in suppoBing that those extinct 
&hes with lobate fina had them provided with a similar internal 
skeleton. 

Ab in the other Ganoid and PlagiostomouB fishes, the heart of 
Ceratod/u^ (fig. 4) is provided, in addition to the ordinary two 
divisions of the fish-heart, with a third contractile chamber, the 
eonua arteriosus. The internal stnicture of the ventricle and 
atrium is extremely similar to that of Lepidoairen, but the val- 
vular arrangement in the interior of the ctroTwartej^osu* differs 
considerably, inasmuch as the valves are disposed in two or 
three transverse rows, of which, however, one only is fully i 
developed. d 

We have mentioned above that the Bari-amundii can breathe I 
free air as well as air dissolved in water, and we may infer ! 
this from the perfect development of the gills and of a luiig. 
There are four gills on each side ; they are broad, lamellated 
membranes, free from each other, hut attached to the out«r 
walls of the gill cavity, which peculiarity is clearly an approach 
to the tixed gillfi of the sharks and rays. The pneumatic ap~ 
paratuB may be described either as a single lung, with symtne- 
trical arrangement of its inferior, or as two lunjjs confluent into 
a single sac without a dividing longitudinal septum. Its in- 
terior is divided into about thirty compartments on each side, 
formed by strong transverse septa and cellular at tho bottom ; 
it is evident that by this arrangement the respiratory surface 
is much increased in extent. This pulmonary sac extends from 
one end of the abdominal cavity to the other, and terminate? 
anteriorly by a short duct in a glottis, viz. a slit with a valve 
in the ventral side of the msophagus, somewhat (o the right of 
the median line. In this respect the Barramunda shows itself 
to be a tnie fish, in spite of the presence of a lung, inasmuch 
as it is obliged to receive the air through the mouth, whilst 
nearly all Batrachians have the palate perforated by the nostrils, 
which form a distinct passage for the air used in breathing. 
When the tish sojoiuTis in pure water, and breathes by the gills, 
the lung does not differ from the air bladder of other fishes ; 
it then receives art«rial blood, returning venous blood, like all 
the other organs of the body ; but when the respiratory 
function rests with the lung, the pulmonary vein carries purely 
arterial blood to the heart, where it is mixed witli venous blood 
and distributed to the various organs. 

Externally the intestinal (rctci appears as a wide straight sac 
without divisions or circiunvolutions. Internally it is traversed 
throughout by a spiral valve performing nine g3rrationa; the 
cavity before the commencement of the valve must be regarded 
as the stomach. The liver does not show aii'j ^ftwj^'6i\te^. 
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The kidTieys are paired, the ureters entering a very small urine | 
bladder at the back of, and partly eunfluent with, the rectum- 
The generatice organs are paired. Their products pats out- 
wards by a paired oviduct or vaa deferens. These ducts ^ 
entirely separate from the ovariea or testicles, each tmvisg a 
diBtioct abdominal orifice immediately below the diaphragms. 
They accompany the ureters in their posterior course, but aw 
nowhere eoofiuent with them, and terminate in a common 
opening into the cloacal dilatation, immediately in frontottbe 
uretral orifice. The ovariea are elongate handii, their oulrt 
surface being crossed by a great number of lamella^ the bearer* 
of the stroma in which the ova are developed. The o\-i uc 
in very great number, and when mature drop into the eavilj 
of the peritoneum, as in Salmonoids ; but instead of being a- 
pelled at once by the peritoneal openings, they travel along i 
shallow gutter forwards, enter the much convoluted oviducta, 
where they receive a gelatinous covering, like the egga of 
Batrachians, and are finally expelled through the cloaca. The 
testicles and vasa deferentia are analogous to the female organB 
with regard to position, form, and orifices. 

Such are the principal points in the organi»ition of the Bar- 
ramunda ; and it remains now to add some remarks on ita 
affinities and on the bearings which the acquaintance of tbia 
singular type has upon the advancement of science. 

1. When we direct our enquiry at first to recent fishes, there 
cannot l}e any doubt as regards the close relationship between 
Ceratodus and Lepuloeiren. The latter had been regarded by 
Job, Miiller (and by most subsequent ichthyologists) as the type 
of a separate sub-class — Dipnoi — which he distinguished from 
the Ganoids by the presence of a pair of loogitudinal valves in 
the conuE arteriosus of the heart, the valves being arranged in 
transverse series in Ganoid and Phigiostomous fishes. Wo st* 
now that the valvular arrangement in Lepidoairen ia merely a 
modification of the Ganoid heart, and that the characteristic fea- 
ture of the latter consists in the presence of apulsating third divi- 
eion — thecuftus arterioaua. Therefore we are compelled to aban- 
don the sub-class. Dipnoi, and to refer it as a sub-order to theGa- 
noids, with its definition altered thus : The Dipnoi are Uanoid 
fishes with the nostrils within the mouth, with paddlen sup- 
ported by an axial skeleton, with hmga and gills, with a noto- 
chordal skekiton, and without branchiostegals. 

2. But it appears to me that Oanoids and Chondropttry- 
gians (sharks and rays) are much more clo«;ly allied to each 
other than either of them to the sub-class of TeleoBl«aii8, whicb 
comprises the majority of tbe fishes of the present epochs uul 

I the members of which have, instead of a contractile cuutw ari»- 
I riosus, simply a non-contractile swelling of the aorta, separated 
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from the heart hy two valves opposite to each other. Nor is 
this the only ilifitioguishiDg chaiacter. A heart with a true 
coniifi arteriosus is always accompaoied by a more or less deve- 
loped spiral valve of the intestine (entirely alwent in Teleos- 
teans), and by non-decutsating optic ner\eB. Ttie fore and hind 
limbs of the Chondropterygians are also paddles supported by 
a t^rtilaginous framework ; the tooth-bearing pterygo-palatine 
wch of tlie Dipnoi is homologically identical with tlie " upper 
jaw " of a shark. And the anotomical evidence in favour of a 
union of Ganoids and Chondropterygians is rendered complete 
hy the Holocephala (Chimsrae), which differ in several import- 
ant point* from the other Chondropterj-gians, approaching the 
Ganoids by these very characters, and are, in fact, an inter- 
mediate form. They are sharks in external appearance and 
with regard to the structure of their organs of propagation. On 
the other band, there is only one external gill opi-ning on each 
Bide; the skeleton is notochordalt and tiie palatal apparatus 
coalesces with the skull as in Dipnoi, which is not the case in 
Uiy of the sharks and rays ; likewise the dentition approaches 
that of Ceratorfus. Sir Ph. Egerton has drawn attention to 
another very important fact ; viz, that the dorsal spine ia arti- 
culated to the neural apophysis, and not merely implanted in 
the soft parts and immo\able, as in sharks. Furthermore, all 
those modifications which show an approach of the ichthyic 
t;pe to the Batrachians are found in Ganoids and Chondrop- 
terygians, none in Teleosteans; and, finally, the coexistence and 
development of Ganoids and Cbondropterj'gians in geological 
eptocha when no (or only very few; Teleosteans existed, is a 
circumstance which seems to contirra a conclusion arrived at 
from an anatomical point of \-iew ordy ; namely, the conclusion 
that Ganoids and Chondropterygians should be united in one 
sub-class — Palfeicki hyes. 

3. A third point of the deep interest is the great antiquity 
of the Dipnoous type. At the commencement of there notes 
we have seen that there is no evidence to show that the 
Barramunda is even generically distinct from those fishes, of 
which, unfortunately, the teeth only have been preserved. But 
some of the oldett lishes, known from the Devonian epoch, and 
designated by the names Cknoilus and Dipterus, prove to be 
Dipnoous fishes. They had the same dentition as CeratoihiB, 
nostrils within the mouth, acutely lohed paddles, a notochordal 
skeleton, and, with exception of dermal scutes, a very similarly 
formed skull. Thus, then, we have the following facts before 
us : The Dipnoous type is represented in the Devonian and 
carboniferous epochs by several genera {Dipterus, Ctenodua, 
Ckirodus, Conckodus, Pfianeroplevnm) : it is then lost down 
to the Trias and Lias, where the scanty remaina of a. ■ii.'ASa.'A. 
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genuB (Ceratodiis) testify to its presence; no furUier tmce of it 
has been found until the present period, where it reappean id 
three genera {Ceratodus, -Lepuloairen, Protopterue), one of 
which is identical with that of the Mesozoic era. Now, at 
present scarcely any zoologiat will deny that there muet lavf 
been a continuity of the Pipnooiis type, and it is only a proof 
of the incompleteneBS of the palseontological record that we 
have to derive all our information regarding it from only three 
so very distant periods of its existence. 

In conclusion I may add a synoptical table, from which llie 
systematic views advocated above, and more especially the pon- 
taon of CeratodtiB in the system, may he readily understood. 
After the separation of Ainphioaus and the Lampreys as types 
of two distinct sub-classes {Leptocardli and Cycloatomakl), 
the remaining host of fishes are referred to two other »d^ 
classes : — 

SrB-CLA83 : Teleontei. HeAit with a rigid bulbus aortiD ; iotestine wi 
spiral valvB ; opiie nerves decussftting (living Bpeiaas, nearly 9,000), 
Scs-CLABS: T'ai<tiiihihyet. Ueart with b contractiie onus arteriosus; i 
tine with fi spiral rslve ; optic nerves non-decussating'. 

Order I. — PloffiostoTnaiiiiOj Marine fWcicAMyef (sharks and rajs; liriog 

species, nearly 300). 
Order II.^Eoloctphala (four living spedea). 
Order III. — Oanm'dei, or Freihuiater Ihitakhthjet. 
Sub-order 1. — Amioidei (one species). 
Sub-order 3. — LepidoOeoidei (three species). 
Sub-order 8. — FolypUroidti (two gpeciea), 
Sub-order 4, — Chondral (sturgeons, thirty Bpecios), 
Sub-order 5. — Dipnoi, 
Fftm. H. — Strenidie. 
Sub-fam. — Ctrotodimtiva (Ceratodus). 
Sub-fam. — Prolopterina (Lepidosiren, I'rotopterus). 
Fam. b. — CUnododifterii/ee (Ctenodus, Diptents). 
i'aru. c. — Phantroplenridtt (Phanaropleuron). 



GREENWICH OBSERVATORY. 
Br JAMES CARPENTER, F.E.A.S, 



IHERE are few .Bcientific mstitutions whose ohjeote are bo 
little understood, and whose labours are therefore so likely 
be misjudged, as an astronomical observatorj of the character 
the national one at Greenwich. Even those who poeseas 
oe knowledge of astronomy, who read its literature, and take 
Farm interest in its salient achievements, htl'. frequently little 
not at all convereant with those departments of the science 
t are perforce pursued in an essentialiy practical establish- 
at, where the sun may he observed day by day without a 
ment's thought being given to bis spots, the moon watched 
night without a care for her physiography, and where the 
nets and stars are subjects of a system of close observation 
ch, however, gives no heed to questions concerning their 
sical nature. 

t happens, from a circumstance that will byc-and-bye appear, 
t the present is an opportime time for reviewing the history 
the Observatory at Greenwich and its relation to current 
onomical science ; but it may be mentioned that the 
earance of this article at this opportune time is merely 
dental. 

'o start with a just idea of the very definite aims of the 
BTvatory, we should clearly recognise the circumstances that 
to its foundation. It was bom of a necessity that arose 
1 that extension of British navigation which was, at least 
ially, a consequence of the passing of the Navigation Act of 
rles II. The necessity was a means of obtaining the longi- 
! at sea. The latitude, we may remark, presented no 
;ulty whatever. A method for longitude had for more than 
itury existed in theory; for Apian in 1524, Gemma Frisius 
V years later, and Kepler subsequently, had proposed the use 
,nar diataaces in the very form that now universally obtains. 
method may be thus described. The moon moves rapidly 
ig the stars. Suppose that for a given instant of Gieeiwdcli. 
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time her angular distance from a near star be known befoTcUuid. I 
Then if an obsener at sea meiuure tlie distance Rtiuute "tit I 
rninut* till be makes an observation which ebows the distaiux* I 
equal to tbe given one, be knows the Grt^nwich time for U» | 
moment of tbat observation; and this time compared witli I 
the local or ship's time of the observation gives, by ma« 
difference, bis longitude reckoned, in time, from GreenwicJi. 
If the distance of moon from stars be given at fixed interval* of 
Greenwich time, say hourly,! then it matters not when the 
navigator takes his distance, for he can always iind, by intn^ 
polation, the instant of Greenwich time corresponding U> th« 
moment of bis observation. 

Now, to make this method practical twothiugaare neceeauy. 
First, tbe positions of the fixed stars miut be exactly kDom; 
and second, the moon's place hour by hour must, be accuntelj 
predictable a long time in advance, so that tbe marlDcr inq 
carry tbe table of predicted Greenwich distances out with iiiin* 
The plan, as we have said, was proposed more than three ooh 
turies ago, and the need of applying it was severi'ly felt just 
two centuries ago. But there were no catalogues of fixed-stsr 
plans accurate enough for the purpose ; and the knowledge of 
the moon's motions was utterly iusufficient also. l*lie doaUfi 
want was brought to the King's (Charles II.'s) notice, and be at 
once ordered an observer to be appointed and an observatory to 
be founded to meet it. Tbe right man for the post turned vf 
in tbe person of Flamsteed, and he was commanded forthwiti 
to " apply himself with tbe utmt^t care and diligence to liS' 
rectifying the tables of the motions of the lieiivens and tl» 
places of the fixed stars, so as to find out tbe so-mnch-desirttd 
longitude of places for the perfecting the art of navigation.' 
The same object is set forth in tbe tablet which still standB ont 
what was the entrance-door of the building ; and a wordingi 
almost identical witb tbat just quoted has been maintained iai 
tbe warrants of all succeeding Astronomers Royal to the present 
day. 

It is desirable that this definition and its implied limitation 
of the duties of the Observatory should be borne in mind. 
There is no provision in its charter for the numerous moden^ 
subjects of inquiry which have been classed under the head oi 
aetroTunnlcal pht/sics. It is true such subjects have beeq 
occasionally followed up, but only to an extent that preolnded 

* Certain correctioDi »r« neceMarj to redutv the Migulkr dialAOM ■ 
meomired M (lio earth's surface to what it would be if roewured tram ite 
earth's centre ; but thBBe form part of the after alculation. 

t As a matter of fact, they are given for every third hour in our 
" Nautic*! Ahntsac*." 
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interference with the primary objects of the institution. From 
first to last Greenwich has been held to be an institution for 
the pursuit of mensurative astronomy with utilitarian ends, and 
its instrumenta, and, to some extent, its pereomiel, have been 
provided and organised accordingly. The succesBion of Royal 
Astronomers — Royal Observators, as they are officially styled — • 
FTamsteed, Halley, Bradley, Maskelyne, Pond, and the present 
occupant of the office, have, with one exception, labouied with 
a consistency truly remarkable, like one long-lived man, to cany 
out, with the best resources of their times, the strictly funda- 
mental works committed to them : with what results we shall 
presently see. 

Positions of stars for the formation of catalogues of star- 
places, and positions of the sun, moon, and planets for the 
ultimate formation of tables of their motions, are the staple 
observations at Greenwich, and they consist almost entirely of 
meridian observations, namely, times of transit over the meri- 
dian, for determination of objects' Right Ascensions, and mea- 
sures of the angular distances of the same objects from the 
celestial pole, for the determination of their North Polar dis- 
tance ; these last being also made on the meridian. The instru- 
ments for these observations are the "Transit" and some form 
of '-Circle," both instruments moving in the plane of the 
meridian only, and the first having it accurately defined by a 
vertical wire, in modem times a cobweb thread, Flarasteed 
at first bad a make-shift sextant, with which he could only 
measure one star from another in a straight line, and he had to 
leave these measures to bo ultimately referred to fixed points 
for determination of Right Ascensions and Polar Distances. 
But in 1689, thirteen years after bis appointment, he procured 
— from his own resources, by the way, for from first to last he 
never bad a penny for instruments from the Government — & 
^jaige graduated arc, which was fixed upon a wall in the meri- 
1 plane, and upon the centre of which was pivoted a tele- 
t with a vertical wire at its focus ; and he took clock- 
f transit across this wire for Right Ascension, and read 
the position of the telescope upon the arc for Polar Distance. 
Halley had a transit instrument, with a IJ-inch object-glass, 
generally similar in plan to those of the present day, specially 
for R.A, observations, and a meridianal quadrant of 8 feet 
radius specially for those in Polar Distance. Bradley at first 
had Halley "s instruments, afterwards a better transit of 23-inch 
aperture, and a second qiiadrant, so that he could command 
the whole meridian from the North horizon to the South. 
Maskelyne used Bradley's instrun^ents from first to last, but 
the defects of a quadrant, in its liabilities to distortion and 
errors of centering, were so obvious to bim, that just before hi» 
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death he ordered a, complete circle, of 6 feet diameter, to bi 
made, with a telescope, of 4-inch aperture, fixed upon it, g» 
duated around its periphery. This circle turned upon a pvot 
carried through a wall to which were fixed six micionieten fat 
reading the circle divisions. Maskelyne did not live to wt 
thia " Mural circle," but Pond had the advantage of it ; and be 
Bubsequently had another one made like it, using the two 
together. Pond also had a new Transit made by Troughlon, at 
5-inch aperture, which was a masterpiece ; and with these nrnni 
he pushed observing accuracy to a point that had not befnrt 
been aimed at, and has even now scarcely been surpassed. 

The essential parta of all these inEtruments (except Floai- 
stced's) are shown in the accompanying Eketcb, upon a scale uf 
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1. Halioy's Transit (17ai-17i9). 

2. Bi»dlay'»Trai«it(17fiO-18l6). 

3. Btadloj's Zenith Seclor. 



4. UnnU QuadBQl (1726-1812). 

5. Tranghlon'B Tranait (ISie-lSH) 
e. Mural Cirds (IB12-18S0). 



about ^ inch to the foot : the cut aUo shows the form of 
Bradley's famous Zenith Sector, with which be coosummatt^ hil 
inunoital aberration discovery. 

The present Astronomer Koyal, Sir George Airy, used Pond'f 
instruments as he found them until about the year 1850, when 
finding them too small in their object-classes for existiug and 
future wants — especially for the obeervations of the newly-dis- 

* The woodcuts iUustnting this article have beeo Idodly lent by M 
Bell and Daldj, and Uewn. Bradbvr and Evaiu. 
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covered minor pknets^he madf? a revolutionary change of 
double character, &rst, by designing an instrument which, while 
carrying a large object-glass, should in itself combine the func- 
tions of both a Transit and a Mural Circle, and second, by caus- 
ing such an instrument to be constructed of a solidity hitherto 
undreamt of. The engineer became inatrument-maker in place 
of the optician, and cast and wrought iron-work of the 
former supplanted the tender and periiibable brass of the latter. 
Mot that the optician was ignored, but his work was confined 
to the delicate parts, the glasses, micrometers, and divided 
circles ; and he and the engineer worked upon this instrument, 
as in all later additions to Greenwich, in judicious concert 
under one head. 

The Transit Circle conaiats essentially of a telescope, 12 feet 
long with an object>-gla8B of 8 inches diameter, turning between 
two massive stone piera. The telescope tul>e and the pivots are 
of cast iron strengthened by internal braces. In the focus ia 
the aeries of vertical cobweb wires, the central one marking the 
meridian, for obaervationa in Bight Ascension. Upon the 
western aide of the axis (right hand in the cut) is a circle 6 feet 
in diameter, divided on silver to five minutes of arc, and read by 
six long micrometers whose eye-ends are on the other aide of 
the pier, which is pierced for the purpose. The micrometers 
read to *01 of a miaute. The circle reads Zenith Distances, 
which are afterwards converted into North Polar Distances, 
One horizontal wire in the telescope, whose position is registered 
by a micrometer screw on the eye-piece, is used to bisect the 
s^ or object under observation, and the reading of it« micro- 
meter ia combined with the circle reading. Upon the eastern 
axis (left hand in the cut) is another circle; this is for clamping 
ooly. A trough of mercury (for obtaining the horizontal point 
of file circle by observation of the same star directly and by re- 
flexion) is carried on a circular tramway on the eastern pier by 
means of parallel bars which, with the counter-weights of the 
trough, appear in the picture : the trough does not appear. 
North and south of the instrument are two fixed inverted tele- 
scopes (the end of one appears in the cut) ; these are for giving 
a Ime of collimation : each has a wire at its focus which can be 
viewed by the other through an aperture in the central cube of 
the great telescope, or by raising the great telescope from its 
beannga, for which there is due provision ; the wires are ad- 
justed to coincidence, and then by observing each with the 
great telescope the collimation error of the latter is obtained. 
The instrument is never reversed. The error of level of the 
a Tin is found by measuring the amount of non-coincidence of 
the meridional cobweb with its own im^e reflected from a 
tfougb of mercury placed perpendicularly under the telescope. 
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In front of the observer, as he looks south, i^ the ZVannt I 
clock (not seen in the pictiire) for obaerving times of pasnge | 

Fto. 2. 




of objecla over the vertical wires. Formerly these times 
taken hy ear, the obaerver counting the clock-beats and Dotin| 
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QiB second and decimal of a ttecond at which the object |)as3ed 
Bsch wire. Since 1851 they have been registered by an electric 
chronograph. A sheet of paper on a cylinder rotating uni- 
formly receives a puncture from a point on the armature of 
an electro-magnet at every beat of the Transit-clock : thus a 
time scale is formed by the clock. The observer taps a key 
mounted on the f«leacope eye-piece as the object under obser- 
Tation crosses each wire ; his tap completes a galvanic circuit 
which works another electro-magnetic pricker; his punctures 
&11 among the clock pimctiires, and their times can be read off 
thereby. The prickers travel down the cylinder aa it rotates, 
and thus give a spiral line of registers. Uniform rotation of 
the c linder being of the highest importance, it is secured by a 
driving-clock controlled by a rotating in place of a vibrating 
pendulum. 

Since the Tranait-clock is a measuring instrument of the 
most accurate kind, its excellence and the steadiness of its 
rate should be of the highest character attainable. The one in 
the Transit Circle room at Greenwich having grown old and 
exhibited some slight jntirmities, a new Sidereal Motor has 
lately been mounted, in a basement where the temperature is 
nearly uniform, at a distance from the Transit instrument. It 
is, however, in connection with the chronograph, and nearly all 
Transit observations are made (galvanically) by it. It also 
gives controlling currents to several subsidiaiy clocks. Its rate 
is wonderfully regular ; so uniform, indeed, that it faithfully 
exhibits the small changes which are produced by barometric 
fluctuations. 

The Transit Circle being the chief instrument of the Obaer- 
Tatory, it is in almost constant use whenever the sky is clear. 
A daily course of work with it includes Transits and North 
Polar Distancesof the sun, moon (when visible on the meridian), 
all the large planets that pass before 3 o'clock in the morning, 
all the small planets passing between 10 p.u. and 1 a.m. during 
the first half of the lunation,' transits of a selection of the prin- 
cipal or fundamental stars for error and rate of the clock, an 
upper and lower cidmination of a polar star for azimutbal error, 
an ob8er\ation of the reHected meridional wire for level error, 
and of each collimating mark for collimation error of the 
Transit telescope ; and observations of four stars, two north, two 
south of the zenith, each by reflexion and directly, for the hori- 
zontal-point error of the circle. These secured, as many estra 
or small stars aa can be are observed for the ultimate formation 

* Bt amngement with the Paris Obaerratory the Bmnll planet obser- 
Vktioiu are divided ; Greenwich obaervitig from new tu full moon, and Piria 
fiom full to new moon. 

TOL. II. — MO. XUV. T 
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of catalogues, or for special purposes. Certain instnunenlal 
errors, auch as flexure of the ttlescope, errors of circle dinsioDi, 
and want of circularity of pivots, are determined occaeionallf. 
Nothing is supposed for a moment to be in perfect adjustment; 
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no^error is TnechanicaUy corrected ; everything iB suppoead to 
be always wrong, and to be corrected numerically in the after 
reduction of the observations. 

But tbe Transit Circle has an important auxiliary in- tJw) 
Altitude and Azimuth, or, as it is briefly called, the Auiiei'muA 
instrument, which was designed apecially for position obsern> 
UoDS of the moon. Viewiofi; IW v^^^^^^^ \mT^rt.ance of tbeee 
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obeervatioiiB, and having regard to the impossibility of seeing 
the moon on the meridian during that critical part of her 
orbit when she is near the sun, and also to the frequent loss of 
meridional observationa from temporary cloudiness of the sky, 
ffir George Airy deemed it higlily desirable to devise means of 
securing obaervations o§ the meridian comparable in accuracy 
with those made on the meridian. The only form of instrument 
competent for this purpose was an altazimuth of massive con- 
struction. He accordingly designed and mounted {in 1847) the 
instrument here figured. It consists of a telescope (4 inches 
aperture) solidly fixed into a broad-rimmed vertical or altitude 
circle which has a divided silver limb read by four microscopes. 
This circle turns between two semi-cylinders of cast-iron con- 
nected by top and bottom plates to form a frame wbicli turns 
on vertical pivots, the lower one borne by a stone pier and the 
upper one by a triangular framework of iron bars. The ver- 
tical frame carries on one side the four microscopes which read 
the altitude circle, and around its base other four which read a 
horizontal circle fixed to the stone pier for azimuthal measures. 
There are levels for showing the inclinations of both axes; and 
they, and the microscopes, are carried by supports which are cast 
upon (not screwed to) the parts they spring from. The nightly 
observations with this instrument consist of an altitude and 
etzimuth of the moon, azimuths of stars for zero of the azimuth 
circle and collimation error of tho telescope, and observations 
of a distant terrestrial mark for zenith-point error of the vertical 
circle. All observations are made in two (reversed) positions 
of the telescope ; and all times of exact position-detormi nations 
are registered by the chronograph. The azimuths and altitudes 
are in effect reduced to Right Ascension and Polar Distances by 
after-calculations, which are very laborious, but are, in common 
with every computation in the observatory, facilitated by 
skeleton forms of which about two hundred, simple and elabo- 
rate, ore in constant ase. 

The Altazimuth secures about two hundred observations of 
the moon in a year, the Transit-Circle only one hundred ; and a 
large percentage of the former are of the highest value as afford- 
ing teats of the lunar tables for parts of the orbit when the 
moon is near conjunction with the sun, and cannot be touched 
by a meridian instrument. 

Another auxiliary instrument of the exact class is the Reflex 
Zenith Telescope, for measuring with great precision the small 
zenith distance of the star y Draconis, which passes near the 
zenith of Greenwich, and is favourably situated for determina- 
tion of the amount of stellar aberration. It consists of a hori- 
zontal object^Iass, capable of semi-rotation about a vertii 
axis, with a trough of mercury at half ita focal d\.a\&'!i<:^ei Xi^is^; 
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The rays from the etar, after passing through the object-gUa, 
are received upon the mercury and reflected up through the 
glass again, forming a focal image just abore it. In the focal 
plane are the wires of a micrometer by which the star's ima^ 
is twice bisected, the object-glass being reversed between the 
bisections. A measure of the star's zenith distance is tboi 
obtained which is remarkably free &om instrumental erron. 
During the past two years a zenithal telescope of 3-feet 
focus, filled with water, has been used upon the same star to 
determine whether the aberration is altered in amount by die 
passage of the star's light through a considerable thickness uf 
a refracting medium — a question which has been raised b; 
some continental astronomers. The observations hitherto have 
negatived the anticipated alteration. 

Equatorially-mounted telescopes have always been regarded 
as of secondary importance at Greenwich. When Sir George Ain 
entered office he found the equipment in this department, to 
use his own word, " contemptible." The best equatorial then 
was one presented by Sir G. Shuckburgh, made by Kamsden, 
with a 4-inch objecl>-glasB, a shaky moirating, and in a very had 
situation. In 1837 a Cj-iuch glass was presented to the Oh- 
eervatory by the late Rev. R. Sheepshanks ; it was a somewhit 
inferior one, and it was mounted with circles too small for 
accurate measurements. So about fifteen years ago Sir George 
Airy planned the Great Equatorial, deeming it essential that the 
Observatory should have a first-rate instrument of the claaa, 
even if it was for a time regarded as a luxury. The instra- 
ment (without the covering dome) is figured in the annexed cut. 
Its objectrglass, by Merz, of Munich, is of 12j-incb aperture, 
and 17 feet 6 inches focus. The mounting is of the English form, 
which admits of large circles, and such were regarded as eeeen- 
tial ; the hour circle is 6 feet diameter, that for Declination 
4 feet. The polar frame is formed of iron columns firmljr 
braced, and connected at top and bottom by oval iron frames. 
Except the tube, which is of wood, every large part is of iron, 
and the whole was designed with the highest engineering skill. 
Gas is carried to all the micrometers about the instrument, and 
to the eye-piece ; and galvanic wires are led to a chronographic 
touch-piece at the eye-end and to a chronometer there also, 
which is always in front of the observer at the telescope, and is 
controlled by the Sidereal Motor Clock. An observing chair, 
moving up and down upon a travelling frame, enaUes the 
ob-erver ti) command all positions without leaving his seat. 
The driving-clock is moimted iu a lower apartment ; it conust« 
of a water turbine controlled by a conical pendulum. 

We have spoken hitherto solely of the tcols of tlie G reenwicfa 
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obeervers. Let ua now pass in review the works that have been 
actually accomplistied thereby in furtherance of the objects for 
which the Observatory was constituted. We begin with the 
formation of star catalogues, for these are the foundations of 
exact astronomy. Flamsteed formed a catalogue of 3,310 stars, 
that remained the standard work of its kind for half a century, 
and has, in respect of selection and nomenclature of the stars it 
esmprised, served as the basis of every catalogue since pro- 
dttced. Halley did nothing in this department. Bradley 
worked wonders ; he laid the foundations of the present fabrio 
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of mensurative astronomy. In 1750, when his new instnmaents 
were mounted, he began the daily course of meridional observa- 
tions of principal stars, bud, moon, and planets which has con- 
tinued without interruption (save by bad weather) to the pre- 
sent time. His star observations were incorporated into a 
catalogue (which comprised 3,222 stars) by Bessel, and, with 
values of the constants of refraction, aberration, precession, and 
other elements deduced therefrom, was brought, forth by the 
illustrious Konigsberg astronomer in a great work, whose title 
expresses its character — we allude to the " Fundamenta Astro- 
DomiK." The rich harvest that Bradley reaped has not yet 
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had all its good gmin thrashed out, for at this moment several 
Qennas astrotiamerB are engaged in a re-redactioa of his 
obaN-ratiooB, believing that they can get from them even more 
ttum Betad obtained. >Ia£keljne did not aim at producing a 
great catalogue ; he confined himself to thirtj-sli of the prin- 
cipal stara, whose places be sought to fix with the utmoet pos- 
eible exactness, in order that they might serve aa reference- 
points of the first order. Pond accumulated a long series of 
observations, and produced a catalogue of 1,112 stars, which 
ma the most valuable contribution to the sidereal astronomy of 
the time, and is second in accuracy to no modem catalogue. 
The present Astronomer Royal has already produced four Uigc 
catalogues ; the first from the observations during the twelve 
years 1836-47 ; the second firom the six years 1848-53 ; the 
third from the seven years 1854-60, and the fourth irom the 
seven years 1861-67. The numbers of stars in these cat«r 
logues average over 2,000 each ; each contains all the fooda- 
mentale, and together they include the greater portion if not 
all the stars visible at Greenwich down to the fifth magnitude, 
and the majority of the sixth. They are sought all the world 
over, wherever accurate astronomy is pursued for its own sake or 
for geographical or geodetical purposes, and they have se^^■ed 
and will serve again as the best materials for researches upon 
the proper motion of the stars or of the solar system. 

Then as to the moon; Greenwich has alone suf&ciently sup- 
plied the investigatorB of her movements from the time of 
Newton to tlie present. At so critical a period was the 
Observatory established that Flamsteed actually fed Newton, 
80 to speak, from hand to mouth with places of the moon far 
perfecting the lunar theory which the latter was then deducing 
from his theory of univerMl tpnvitation ; and there is an entry 
in Flamsteed's note-book of the author of the "Principia" 
coming down to Greenwich one Sunday evening for twelve 
observations of the moon of which he was in urgent need. 
Halley, though he did no star work, made some moon observa- 
tions, and compared them with his own lunar tables ; it wis 
the only good piece of regular work that he did. He was the 
exception we previously spoke of to the consentaneous character 
of the Royal Astronomers ; and his case shows that a man may 
be a great astronomer, and yet fail in the office of Roy^ 
Observator, which requires the exercise of no small amount of 
self-denial. The lunar observations of Bradley, Maskelyne, and 
Pond, have to be spoken of connectedly, for they were reduced 
en masae by the present Astronomer Royal, and they form the 
^ b^sis of the Lunar Tables that are now in almost universal oat^ . 
W it before this stupendous uniform reduction, the Grea^ririkJ 
■ Krv&tory bad funualied \,200 niociu oVn%Tvat,voaa to i'tf^^^H 



GREENWICH OBSEBTATOBT. 27* 1 

the tables of Mayer, which were the first generally available for 
nautical longitudes ; 3,000 were employed hy Burg for Ma 
tahles, which so completely eatiafied the eonditioDS of a prize 
for Buch tables offered by the Consular Govemmeut of France, 
that the FiTEt Consul doubled the prize ; and of the 4,000 which 
were employed by BurckharJt to correct the lunar elements for 
his famous tablea (which eerved for nearly fifty years prior to 
1862 as the basis for all navigational predictions), nearly the 
whole must have been derived from Greenwich. 

The great lunar reductions previously alluded to embraced 
nearly 9,000 Greenwich observations of the moon, made 
between the years 1750 and 1830 — a series without a parallel. 
The first fruit of their reduction was a general correction by Sir 
George Airy of the received elements of the moon's orbit. The 
next was the discovery by Prof. Hansen, of Gotha, of two 
inequalities of long period in the moon's motion, depending 
upon the direct and indirect action of the plauet Venus. And 
what may be considered for the present as the idtimate out- 
come, was the constniction by Hansen of the great Lunai 
Tables that bear his name, which represent the motions of our 
satellite with an accuracy surpassiu-r all others, and abundantly 
sufficient for the preparation of reliable nautical ephemeridea. 
Hansen's tables are used for all the important "Nautical 
Almanacs " of the world, with one exception, that of America, 
for which special tables were previously prepared, embodying, 
however, the corrections derived from the long suite of Green- 
wich observations. 

If we took to other planetary tables, we find the same depend- 
ence for their data upon our National Observatory. The tables 
now used for Jupiter, Saturn and Uranus are those by Botivard 
(1821 ), and they depend mainly upon the observations of those 
planets by Bradley, Maskelyne and Pond. The tables of Mercury, 
Venus, and Mars are Le Verrier's, based chiefly upon the Green- 
wich observations from 1750 to 1830, which were, with the rest of 
the planetary observations for that period, reduced by Sir George 
Airy eth masse, like the lunar observations. For the sun, Le 
Verrier's Tables are also iised ; and they depend upon a century's 
Greenwich observations. The current tables of Neptune are 
those by Professor Newcomb, for which Greenwich found the 
major part of the observational data. Throughout the whole 
series of Planetary Tables that belong to the period of accurate 
astronomy, there is such a broad reliance for data upon Green- 
wich, and such comparatively small support derived from other 
places, that it is evident there was no excessive flattery in 
Baron Zach's assertion that our astronomical tables would have 
been as perfect as they are if no other observatory had 
existed. All this we adduce, not with tlie idea. qI ^oti.^^Ssi!^^ 
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national inrtitution, but merelj to aid the tull conception of iU 
loisBion, which was defined in Sir John HerachelB always happy 
words to be " to furnish now and in all future time the hest and 
most perfect data by which the laws of the lunar and planetary 
movements as developed by theory can be, compared with 
observations." 

It will be easily seen that with all things organised to thi« 
end there is little room for such work as double-star measuret, 
celestial photography, delineations of planets and nebulc^ 
spectroscopy, &c. Some of these have occasionally been takoi 
up for a time, but none of them have been, or indeed could be^ 
systematically followed. 

Of late, however, there has been a tendency in some entgecti 
of this character to overrun the powers of attention of 
amateurs, to whom they have been left ; and it has beA 
suggested that inasmuch as they ought to be followed by tie 
State, and Greenwich as at present constituted could not under* 
take the work, a special Observatory ought to be establislied 
and devoted to Astronomical Physics. The systematic record 
of solar phenomena (sun-spots, gaseous eruptions, &c.) has been 
mentioned as in immediate need of pursuit. Not unnaturally 
a counter question arose whether all that it was desirable for the 
State to undertake could not be done at Greenwich, and the 
Astronomer Royal laid his views upon the general questioD 
before the Board of Visitors at their meeting on June 1 last, in 
the following terms ;— 

" The tendency of late discoveries and consequent discui^oAS 
in astronomy has been, not to withdraw attention from the 
exact departments of astronomy, but to add greatly to the 
public interest in those which are less severely definite. And 
this has become so strong, that I think it may well be a subject , 
of consideration by the Board of Visitors whether observations | 
bearing upon some of those trains of discovery should not 
be included in the ordinary e^^tem of the Royal Observatory. 
The criteria which, as appears to me, may be properly adopt«d 
in the selection or rejection of subjects of observation are 
these : Observations which can be made at any convenient 
times, which do not require telescopes of the largest siiie, and j 
which do not imply constant expense, oii^ht to be left ta | 
private observers. Observations which demand larger tele- 
scopes, and especially observations which must Iw carried on ( 
in continual routine and with considerable expense, can only 
be maintained at a public obser\atory. The cliiims of each 
subject must be separately considered ; but there can be no i 
doubt that a very powerful demand for attention is made when i 
private persons have been induced to continue observations for 
a long time at considerable current expense, and when plausible 
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evidence ie given of tbe conneiion of reBults thus obtained 
with other cosmical elements. I think that tbese considera- 
tiona exclude measureB of double stars at the Bojal Observa- 
tory, but they leave an opening for the Bcrutiny of nebulie, 
planets, &c., and poesibly (but I speak in doubt) of solar speo- 
troficopy. But I have no doubt that they fully sanction the 
undertaking ar continued seriee of observafiona of solar spots. 
The character of the Observatory would be somewhat changed 
bj this innovation, but not, as I imagine, in a direction to 
■which any objection can be made. It would become, pro 
tanto, a physical observatory ; and possibly in time its opera- 
tions might be extended still further in a physical direction." 

Upon the effect of these statements it would be premature 
to Epeak. It is, however, generally understood that the Board 
decided upo.i the advisability of extending tbe Ob8er^'atory 
system bo far (for the present) as to include regular photo- 
graphic record of solar spots and systematic solar spectroscopy. 
The Visitors are an intermediary body : before full effect can 
be given to their decision tbe Treasury must be appealed to for 
funds for the first cost of instruments and the running expense 
of an increased personal staff. 

Chronometers have such a direct connection with navigation 
and sea- longitude, that not unnaturally Greenwich has been 
identified with the testing of tbese instruments from their in- 
vention to the present day; and now it is the chief depot for 
Government marine chronometers. All business of their pur- 
chase, trial, and repair, is transacted at the Observatory ; and 
usually about 200 chronometers are there under rating for issue 
to H.M. ships. Every year there is a competitive trial open to 
all makers, during which the chronometers are exposed to a 
wide range of temperature : four or six of the beat instruments 
are each year purchased at good prices, and it is doubtless to 
these trials and to tbe general Government patronage of the 
trade that the supreme excellence of British chronometers is 
due. 

Into the department of Time and its distribution we need 
not enter further than to say that a signal ball is dropped at 
one o'clock daily at the Observatory, and another ball at Deal 
is dropped by direct current from the Observatory; and that 
every hour accurate electric signals go forth from Greenwich, 
which are variously distributed over the country ; one of them, 
that at 10 A.H., passing through well-nigh all the important 
telegraph lines in England. This department of the Observa- 
tory was, however, fully described in a previous number of the 
PoPDLAR SciESCE REVIEW (October 1870), 

A magnetical and meteorolgical department waa estab- 
lished in 1840, and till 1847 eye-obaervationB oS its \Ti6\.T\niiEn!* 
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were made every two hours, day and nigbt. In 1848 photo- 
graphic registration was introduced, and from then till now 
there has been an unccaaing record of the movements of the 
declination, horizontal force, and vertical force m^;netometer3, 
as well as of the barometer and the dry and wet bulb tbermo- 
metera. The anemometers, for direction, force and velocity of 
the wind, and also a pluviometer, register themselves mechani- 
cally. The magnetic observations and registers to 1863 have 
been diecussed, and the epitomised results form the subjecta of 
various memoirs in recent volumes of tlie Philosophical TVan- 
aactioTiB. It may be mentioned that among otiier points the«e 
discussions negative the esistence of a decennial magnetic 
period related to the period of solar spot activity. A great 
discussion of temperature records from 1848 to 1868 is now in 
progress. Within the past few years an important, and we be- 
lieve unique, addition has been made to the photographic ^ 
recording department. The spontaneous galvanic " earth- 
currente '" that at times become so intense as to interfere with I 
telegraphic operations, have been made to record themselves 
perpetually by reflecting galvanometers connected with special 
wires running in N.-S. and E.-W. directions through the 01^ 
servatory, and attached to earth-plates at their estremitiea. 
A discussion of some of the registers has shown that these cur- 
rents are related to the earth's magnetism in its disturbed state 
— as during amoral displays — but apparently not in its tranquil 
state. 

In conchision, it tihould be stated that the Greenwich ob- 
servations of all kinds are published in yearly 4to. volumes of 
nearly 1,000 pages each, in which every observation is set down 
in the utmost detail, with every instrumental reading as it is re- 
corded by the observer, and ( especially in the case of the astriH 
nomical observations) with every step in the reductions exhibited^ 
down to the final results, which are given in such a form as to 
be directly available to the theoretical investigator. 




rflHE Bubject of the iintiquity of man lias of late years attracted 
X considerable attention, and the terms palfeolitliic and neo- 
litliic have become neai'ly as familiar aa those of the stone and 
iron age of former years. For preconceived opinions on thia 
point, and the apparent doubtful evidence of the association 
of the human species with those of the extinct mammalia, 
strengthened the belief of the appearance of man only after 
the great physical changes had brought about their disappear- 
ance. Hence arose, partly from want of careful observation, 
much controversy on the subject, and, although maintained by 
some, the opinion has been coniirmed by the re-examination of 
several of tie cases cited, as well as by recent discoveries, that 
the remains of man lie entombed in earlier graves than those 
where 

The rude forefatliers of the bamlet sleep. 

Among those who carefully investigated and prominently 
brought the subject forward were Mr. PreEtwith* and the lata 
Dr. Falconer, after their examination of the discoveries near 
Abbeville by M. Boucher de Perthes and of the Brixham cave ; 
the fects of the contemporaneity of the works of man with 
the remains of extinct mammals were still contested by Elie 
de Beaumont and others ; but the opinions of Mr. Prestwich 
were corroborated by Mr. Evons, jMr, Flower, Sir J. Lubbock, 
Sir C. Lyell, and by MM. Lartet and Christy, and Gaudry ia 
France. 

The occurrence of human remains are far more rare in 
caverns or other deposits than those of the works of man, and 
hence every additional fact is worthy of careful examination. 

• '< PhiL Traoa." 1860, Pt. 11. ■p. Ill . 
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Dr. Buclcland, in 1824," discovered in the PavUand Cave, 
Glamorgao, beneath a shallow covering of earth, nearly the 
entire left side of a human female skeleton, which, he states, 
was clearly not coeval with the antediluvian bonea of the 
extinct species of elephant, rhinoceros, hyseoa, bear, &c. foimd 
there; but that this exposed and solitary cave had, at some 
time or other, been the acene of human habitation, not only 
from the charcoal and fragments of recent bone, but that the 
ivory rods and rings in contact with the skeleton were certainly 
made from part of the antedilu\'ian tusks that lay in the same 
cave. Besides the skeleton of the " Red I*ady of Paviland," 
human bones have been found by Col. Wood in the "Spritsail- 
Tor " cave, and in the ossiferous fissure of Mewahide, in the 
Peninsula of Gower. 

Dr. Schmerling, however, in 1833, announced the discovery, 
in the Engi and Engihoul Caves in the Valley of the Meuse, 
of the bones of man, associated with those of recent and extinct 
mammals— rhinoceros, horse, elephant, bear, hy»na ; the bones 
were indiscriminately mixed together, and the cave earth did 
not seem to have been subsequently disturbed. 

M. Marcel de Serres, in his exhaustive essay for that period 
(1838), on "Bone Caverns," cites many instances of the co- 
occurrence of human remains; in America (Kentucky) with 
the megalonyx, bear, deer, and bisou ; in Franconia with 
extinct vpecies ; in France, in the departments of Loz^re, Gard, 
and I'Aude. 

M. E. Ijirtet, in his paper on " The Co-existence of Man 
and the Great Fossil Mammalia," published in the " Annales 
des Sciences Naturelles" (Ser. TV. vol. xv. p. 178), after his 
examination of the Aurignac Cave, near St. Gaudens, states 
that, not only was man cotemporary with the mammoth and 
rhinoceros, but, like the natives of Africa at present, used the 
latter as an article of food ; and that the human remains are of 
great antiquity, as they were associated with the bison, iei»- 
deer,megaceros, hysBoa, and Ursus apel<Pii8, the latter, according 
to M. Lartet, being the earliest which disappeared of the 
group of the great mammalia, and which age — the earliest of 
primitive man — was followed successively by the age of the 
elephant and the rhinoceros, the age of the reindeer, and the 
age of the aurochs. 

The cavern of Bize and others, in the vicinity of Narbonne, 
are equally remarkable for the similar association of man with 
the Uraus apdctus, Hyanui gpdaa. Rhinoceros tUhorhinua, 
and reindeer, with about sixteen other species, of which the 
bones of the ox, deer, and horse were the most numetousi 
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together witb the remains of birds. These were first noticed 
by M. Toumal in 1827, and subsequently by MM, M, de Serres, 
Cbristol, Dumas, P. Geri'ais, and Brinckmann, the latter two 
authors giving an account of their observations in the " Mes- 
sager du Midi " (Montpellier, 1864), and they remark that the 
occurrence of the reindeer does not indicate so great geological 
antiquity, although still remote, but that the climate of central 
and southern Europe was considerably colder, and became sub- 
sequently modified, so as in part to cause the retreat of this 
animal to the northern regions. 

In the bone caves of Dordogne, investigated by MM. Lartet 
and Christy, the most abundant animal was the reindeer, which 
evidently formed the principal article of food of the cave- 
dwellers, and, together with the ibex and the chamois, afford 
evidence that a. considerable change of climate has taken place, 
for the former animal could not now exist in the south of 
France. " These caves are particularly interesting, because, 
so &r at least as we can judge from the present state of the 
evidence, they belong to M. Lartet'a reindeer period, and tend, 
therefore, to connect the later, or polished-stone age, with 
the period of the river drifts and great extinct mammalia, 
a period about which we had previously very little informa- 
tion." • 

The discovery, in the early part of this year, of a humau ■ 
skeleton in one of the great caverns ( Baousse-rouaa^) of the 
Italian frontier, has again drawn attention to the subject, and 
excited much public curiosity at Mentone when announced in 
" Le Counier de Menton," of April 7, with a plate of " Le 
Troglodite de Menton," from which journal tlie following notes 
are abstracted-f The cave is one of a series which occur in 
a compact limestone, and are known as Us grottes dea rochea 
rouges. The caves are from 50 to 150 feet from the sea, and 
40 or 50 feet above it, and all open to the south. 

The discovery was made by Dr. E. Riviere, who has been 
appointed by the French Government to examine and study 
the palseontology and prehistoric period of Liguria. After ob- 
taining an immense quantity of bones and teeth of bears, 
gigantic stags, hyfeuas, rhinoceros, and other animals, from 
the neighbouring quarries. Dr. Riviere commenced the ex- 
ploration of the caverns. The cavern above alluded to is near 
the line of railway from Mentone to Vintimille, and the skele- 
ton was foimd beneath a layer of earth several yards in thick- 
ness, and is in a very fine and remarkable state of preservation, 

* Sir J. Lubbock, " Prehistoric Times," p. 245. 

t The Plate has bepa reproduced Trom the " Geological Magazine " for 
Jdoc, nhoH Editors kind); lent it 
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which may be possibly due to the nature of the earth in wkidi 
it was imbedded aod the continued dryneES of the spot in 
which it was phieed. The skeleton, which is that of an ordinuy- 
sized man, is entire, with the exception of the ribs, which 
have been broken by the pressure of the superincumbeDt 
earth. The teeth and lower jaw are in a good state of pre- 
servation ; the skull differs from the rest of the bones in being 
of a deep brick-red colour, and the part of it resting on the 
ground is broken. The legs crossed in a natural poaition, and 
the arms folded near the head, seem to infer that the num to 
whom they belonged died in his sleep, and was careMI; 
covered over without disturbing the earth bene.ath. A gr«t 
number of small shells, similar to those living in the adjacent 
sea, and deer's teeth, all pierced with a hole, were close to 
the skull, leading to the belief that they were either twined 
in the hair or formed part of a head-drees. Round tlte 
skeleton were found a great quantity of stone implements, U 
scrapers, chisels, and axes, and also bone needles ; the form of 
the latter seem to have been produced by having been nibbed 
down on some hard substance. Associated with these were 
bones of animals, and, among others, the lower jaws of 
herbivora. Behind the loins there was a stone, also one 
behind the head, and between the latter were two of the 
largest stone implements which have been found in these 
caves. 

Mr. M. Moggridgc, who is well acquainted with the locaUtf, 
and has visited the cave, has kindly furnished the following 
points as most important in reference to the skeleton : — 

1, The rock in which the cave is situated is Oolitic or 
Jorassic limestone, which is very cavernous. 

2, The cave is narrow and lofty, and deep. 

3, The floor at the mouth is 9 ft. above the bottom, hut in 
the interior the depth is much greater. 

4, No remains of the extinct animals {Urevs 8p6l<mi8, &c) 
occur above the skeleton. 

5, I believe it was a case of jnterment — of a person of some 
consequence — of the stone age ; not early in that period. 

Mr. G. W. Kicholl, who has also examined the cavern, states : 
" To my mind the skeleton proves clearly a case of burial ; the 
stones at the back and in front of it showed this pretty clearlji 
for they were evidently so placed by design, as if to roughly 
mark out the place of sepulture. M. Riviere did not seem to 
think much of them, for he had removed them all before the 
skeleton was photographed. The sketch iii the paper abowB 
the stones at the back very truly, but it docs not show those in 
front, which were placed further from the body aod more 
iire^ularly than those at the bock. If, then, the man waa buried. 
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he might or might not have been co-existent with the extinct 
animala of whose bones so many were found in the cave earth in 
■which the skeleton was interred. But close by, in front of the 
cave there was, as has been suggested to me, irresistible evidence 
that man lived in those caves (there are four or five of them) at 
the same time that animals now extinct were living in the neigh- 
bourhood. For in front of the cave iaa talus, formed of breccia 
fallen from the cliff above. The stones forming this breccia 
are as sharp and angular as when they fell from the cliff, and 
they are cemented by lime and iron into a hard conglomerate. 
In this conglomerate, whilst making the railway cutting two 
years ago, were found numerous implements of flint— knives, 
Bpear and arrow heads, and cores of flints, from which these 
had been broken off, also hones of animals now extinct, and 
bones of animala now existing. Now as the stones forming the 
conglomerate are so very sharp and angular, it seems to me to 
be very conclusive evidence that they are lying where they fifat 
fell, and that the bones and Uinta amongst them are also lying 
just where they were thrown by the inhabitanta of the caves 
above." 

The report of Dr. Riviere will no doubt lay all the facte 
before us, as to this and the other caves, to which attention had 
been drawn by M. W. De Suiram, in 1869, and also by Dr. 
Falconer, who, in 1858, after esamining at Nice the brecciated 
mass of human bones discovered near St. Hospice, visited the 
Rocco Rosso caverns near Mentone, which had previously 
yielded such abundant relics of long-continued human occupa- 
tion, upon the exploration of M. Fran^iois Forel. 

In connection with this subject Mr. John Evans, in his recent 
work on "Ancient Stone Implements," June, 1872, states that 
the difference in the faunas of the palaeolithic and neolithic 
periods is of great importance, as affording some guide in judg- 
ing of the antiquity of human remains when found in caverns 
without any characteristic weapons or implements ; such, for 
instance, as the human skull cited by Mr. Boyd Dawkina aa 
having been found in a cave at the head of Cheddar Pass, in 
Somersetshire. For it must never be forgotten that the occupa- 
tion of caves by man is not confined to any definite period ; 
and that even in the case of the discovery of objects of human 
workmanship in direct association with the remains of the 
Pleistocene extinct mammals, their contemporaneity cannot be 
proved without careful observation of the circumstances under 
which they occur, even if then. Another point may also he 
here mentioned, namely, that where there is evidence of the 
occupation of a cavern by man, and also by large carnivores, 
they can hardly have been tenants in common, but the one 
must have preceded the other, or possibly the occupatiao. b-^ 
each may have alternated more than once. 
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MANS ORIGIN." 

rBRE Mv Kme wha would doubt the propriety of tTanalatiiig ft 
liko the present ona into the P>iglish toagae, and we tUmoat fancj that 
the editor U to some extent of this dius. But for ourselves we do not pcv- 
oeive ita diaadvantage. ladei'd, on the other baud, we approve of the effort 
to introduce into our language so fearteEg and outapoken and honeot a labour 
■B that which Dr. Biicliner has performed. In regard to the editor, w« 
think be has been engaged in a task wliich moet in evenr pxge have mo 
bard against his conscience ; and we wonder therefore that, if he did per- 
forin n task which must bsTs so completely gone fuul of hin idenji, he did not 
conceal his narae, and ao have, to a certun extent, prevented the injnriou 
influence — injurious at lea^t to the author's views — which must follow ■ 
preface in which he slates that he " is bj no means inclined to acoept all tb« 
results at which Dr, Itiichner has arrived." Indped, it seems us that Mt. 
Dallas must bare found almost all of Dr. Biichner'i riews UDorcepiahle; 
for it certunlj appears tbat the author's one distinct and clesrly-drawn con- 
clusion is, that there is no such thing as a Deity, itnd bis other, that nmt'l 
existence comes to an end as soon as his life is finished. However, we mtul 
thank Mr. Dallas for having given us an excellent and clear tranalntion of a 
moat intereating and forcibly- written book, in which the author puts lot- 
ward his views as clearly as he did in his former work, " Force and Matter,* 
but vritbout any of tbat oflensive manner which (created for his preTi«a 
essay so many Senx opponents. Further gratitude is due to Mr. I^llaa for 
not inserting a number of sharp, opposing foot-notes, showing what parta of 
the work he especially objected lo. The book contiuns nothing that wiUb* 
new to those who have followed minutely anthropological science (or ihi 
past ten years, though it certainly contains, in a pithy and masterly ftjit, 
nearly everything that has been achieved by the English and forrigB 
taaanlt in that space of time ; but to the general reader, or to thr dabbler U> 
suence, it ofiera a roMtcrly summary of the facts, reflections, and ullimat* 
condunons that have been put forward in regard to man's origin during th» 
period referred to. Indeed, in this respect we know of no volume thst en 
be at all compared with it, not only for the facts it contains, but for tba 
Bcbolarly shape in which these facts have been put togi-ther and bud hetcn 
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the render. Of coiiire, in siicli n work tlie notes and referraces must be 
uianifuld, nnd we tliink tlint t'le umtliod of pUciug them at the end or the 
Toliime both tcoda to lend tha pages a better ehapu tmd to miiko the notes 
more cnrefuHj studied bj the reader wlio leten to them. 

The nuthor regrets that his book hnd nlmost gone through the press 
before Darwin's cclebmtsd Tolutnes aa " The Descent of Man " hnd made 
their ippemiuice; but he coagmluklea hiinself on the fact that he hiu 
MTived, without the great English naturalist's aid, n,t pntcticany the same 
coDClusiona. Dr. Bilchner, of courae, Iiacea miin through tliu difl'erent tribei 
which grnduall;, step bj »tep, lead down almost to the brute. lie gives 
numerous quotntiona from tiavollets of repute, ehowing the low mental 
moral, and physical condition of these savages, and then he points out how, 
even in their anatomy, they approach the apes. Then he pvea the nume- 
rous instances which hnve, during the past ten years, been brought forward 
i^arding pre-historic man, and he shows conclu^vely that in ninny of the 
examples the skelolon^ — especially the shnll — possessed, in a mnrfced degree, 
characters that are now not exhibilod by any living cruattire, save certain 
of the qundrumnnn. In all bis obserTatious on this point of couise It is 
impossible to go ngainat him. We me.an, that for any man at all conversant 
with anatomy, such a line of reasoning' ai would be opposed to Hen 
Bucbner would be in the highest degree absurd. Here you have man pos- 
sessing the same akelttal formation, or nearly so ; the same heart, lungs, 
thyroid, diaphragm, liver, stomach, and intestines; same kidneys, same 
spleen, same piUicreas, same organs of reproduction, nearly the same bands, 
and a closer allied brain than that possessed by any other mammal. Ai]d 
notwithstanding all these important details of anatomy you are asked to 
believa tliat man wns made from clay — though ho hardly contains a 
particle of its most universal constituent, alumina. Assuredly, all reason- 
able men will go in with Dr. Biichner, and will believe that man must 
liftve come &om the apes, a doctrine which baa so much to support it, 
rather than the other view, which ii merely a questionable hypothesis of 
the almost untranslatable Holy Writ, and which, besides having nothing to 
support it, is opposed on the moft important chemical grounds to which 
we have alluded. 

There is only one instance in which it eeems to us that the author ia 
incorrect, and that is a caw that may fairly be forgiven him, for the beat 
aulboritiea in France are of the same opinion. It is iu reference to the 
Moulin- Quignon jaw-bone, which be in eommon with the Frenchmen pro- 
nouncea to have been a fos.sil, We cannot regard the bone m in the least 
degree antique. It seems to ua unquestionable that it was a bone of recent 
formation, which was imposed upon the French savanta who obtained it. 
In our opinion Mr. Busk's method of examination was the only correct one. 
He sawed the hone through, and obtained the same peculiar smell which ia 
so well known to those who manipulate recent bones. It is utterly out of 
the question that this peculiar smell could have been obtained from any but 
a recent bone, and therefore we regard the Moulin-Quignon jaw-bone as 
representing a scientific canard. However, there are other specimena 
whose antiquity is beyond question, and of them Heir Dr, Biichner gives k 
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good iLnd clear nccoimt. Let us take tl;e X«uidert1ial eliull iind La Xaulelto 
jaw as eiampleB ; — 

" The moflt important of these remninB is the ceJebmted Ketmdartlml ilndl 4 
alretidj mentiooed * * * which Huxley describes as the maO, npe-lik* ef 
bU the human ckulls that he has ever seen, and of which he Mfs tliat in il4 
examisaitioD we meet with npe-Utc cbBnictere in nil partfi, luid aUo that it 
baa the ^eatest Bimilaiit; \vith the eiistiog Australian ikull^, and with tlw 
andent noirehy skulls. Hiixlev' nlso stales tliat this aliull is by no nicaiu 
an itolalrri phencinienon, hut that it is only the extreme term of a long 
Beriee of iMatio), or, at least, very lowly-develuped human skulls of the put J 
and present periods." Agaiti, ou the same Fubjecl, the author wrilea : " ia I 
the year 1306 a fragment of a human jaw with very Temarkahle and animiil I 
characters was found by the indefatigable Belgian cave-explorer. Dr. Edowd 
Dupont, in the 7'ruii de In yauletie, n lone cave situated on the bank of the 
little river Leeso, not fiLT from the village of Chaleui. It was in a deposit 
of mer-loam, covered with a In^-er of Jilnlogniite, nnd at a ilepth iif about 
four metres. The most remarkable of its eharacterB, bedidM tlie compara- 
tive thickness and munded form of the bone, and ita elliptical dental eui 
M the atmori entire alienee of the chin. The projecting or prominent cbin i* 
80 distinctive a character of man that Linn<?, the (.Teal lawgiver at 
systematic loology, could name no better bodily distinctions betWMti man 
and animals, t!ian Ihe upright position and prominent chin of th« fomet. 
In animals, instead of proje^'tiDg the chin retreats, and the jaw of La Nttillptla 
holds an intermediate position between the two ; where the projiK^tioD uf (ha 
chin ought to be, it exhibits aline descending perpendicularly. Moreover tha 
cavities destined for the reception of the canine teeth am remarkably wid» 
and large na in animala, nlthough the canines thcmselvca am closely t> 
tiguous tn the incisors, and not molara, and the jaw ia thus dhewn to b4 
undoubtedly of human origin. Dut what is still more remarkable than thi* ^ 
ia the circnmatance that the three hinder or peraiatent molars present exactly 
the same relative sizes as ia usual in the anthro-promurphuua apra. Thui 
whilst in the higher races of man, the three true molars are so nrran^ that 
the lirst is the largest and tbe laat or bindennost the smallest, wo find ia 
the dentition of the lower races, such as the Malays nnd NegToe*, that aU 
the three molars are of equal size, and throughout larger ihnj) iisuaL Dot 
in the anthropoid apes the first true molar is the smallest, and the last ths 
larg(!$t, and this is the cose nleo in this foseil human jaw, the last or hinder- 
most molar of which even appears to have poeseMied five roots. To all thi* 
may be added that Ihe inner aurfeco of the jaw at the point of the ao-calleil 
■tftuie or Bvmpbius, behind tbe incisor teeth, forms a lino obliquely dir«c1ail 
upwards, and consequently leavee no doubt as to the prognathism of iu 
former posseasor." 

We fancy that tbe above quotation will tmlBre Ui show that tbe atitlier 
has not dealt in a slovenly fashion with hia book, but ba« been at am m 
dealing with points of evidence ; he gives them fully, minutely, aad 
thoroughly. The other portions of tbe book are alike, and they all bear 
the Bulbor along to the concluiion regarding roan, which he exprewra in hi* 
last chapter. We must now leave the work in our readers* bands, begging 
of them to rend it carefully, and not either from enthusiasm or from malice 
to do OiiB aotlioi's efforts tu^ injusivce. 




THE FALLACIES OF DARWINISM.' 

riUlE opponenta of Parwiniara are numerous eoougli, but we may add by 
-L no means intelligent eaougb to do eajthing but help to extend Mr. 
Darwin's viewa by bringing teij feeble nrgumenfa against Darwinian TiewB 
-before people who are ignorant of the whiyle subject, but who are intelligent 
enough to perceive fallacies when put before tbem, and who, once they are 
called upoD to consider whether man has descended from the other animals 
or has been feparaMy and amilarly made, yery' naturally conclude that the 
former is by far the most probable of the two. There is another quality, too, 
which the opponents of Darwinism possesa, and which certainly by no means 
tenda to render their arguments more convincin)^, and that is the faculty of 
abuse. In every chapter of their works there is a summing up in which 
they express their astonishment at the very existence uf unbelievers, and 
that loo in terms usually of the very coarsest abuse that can be conceived. 
How unlike the whole number of Mr. Darwin's or Mr. Wallace's books. In 
no single passage do they attempt to revile — oa indeed they might must 
easily— the abortive and often absurd arguments of their opponents. Dr. 
Bree's is a book of the ordinary class, an abusive review of Mr. Darwin's 
theory, as unlike Mr, Mivart'a able essay as anything possible to conceive, 
and by no means to be placed alongside it or compared with it in any 
respect. Yet the author has not been without some reading on the point. 
He hae found out the namesof two or three naturalists of repute who do not 
hold the Darwinian doctrines, but he is by no means to be coDsidered as 
having Professor Owen on hia side, though be evidently conaiders that the 
distinguished naturalist leans towards bis viewa. We may not call Pro- 
fessor Owen a Darwinian, but if we could talte Mr. Darwin's name from th» 
doctrine, we doubt not Professor Owen would hold to it, for indeed lie alleges 
that be put forward similar views quite thirty years since. Of the other 
names which Dr. Bree baa got, we fail ta see any of special importance in 
a zoological respect except Agassiz, though of course we could ourselres 
name some few more whom possibly Dr. Uree baa never beard of. But if 
Dr. Bree were to ask to ua to name those eminent masters of zoological 
science, which, at first opponents of Darwinism, have since become its 
Unn supporters, ho would doulillesa be fl little astonished at the multi- 
tude of European and American names we could put before him. The 
book is amply a series of bitter attacks an the views tif Mr. D/irwia, Pro- 
fessor Huxley, and tbe leading evolutiouisis of this country' and the Con- 
tinent. Of course there is some reason given for not holding particular 
theories arising out of the main doctrina, but these are indeed few, and 
not particular; while the arguments of tbe author are of the old-womanish 
kind, and invariably end with allusion to the Creator, and an assertion that 
therefore the doctrme in question must be absurd, because it is out of har- 
mony with the author's particular religious belief. Let us take a paragraph 
from the chapter in which the author exhibits his knowledge of Van Baer's 
work. Here, after denying Mivart's view, be Bays ; — 

• " An Exposition of Fallades in the Hypothesis of Mr. Darwin." By 
C. B, Bree, M.D., F.L.S. London : Longmans, 1672. 
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"We know thnt Ihe orgwiic and inorfranic worlda bavi? boon formed 
by a thouglitful renaooing being; but the 'how' ra 'why' nr* hidden 
•mong tlie myRteriea of Omnipotence . . , ." and fiirtlier, Dr. Bnre Imring 
nearly exhausted hia vocabiilary cf abusive epitliels ngninet Mr. Darwin and 
thoae whn believe with hioi, says of the Darwiniaci theory that " if proved ia 
every point to be true, it would still lenve the fact of special creation in all 
its wonderful mj-stery. The organic ennnoi be formed from ihe inorganic; 
nor could the organic, even if it ^ere »o formed, be endowed by any physical 
force with the Inwi and propertie* of life. Qo on alill in speculatian, and I 
aak whence the inorgnnic — ita beginning, its ending, ita grand and inexplieabla 
laws, which the physiciat in vnin attenipta to correlate with the vitalP 
"whence gravitation, and what P the sidereal eystcm and ita movements? the 
spirit that breathes, through illimitable space, and lives through an et«niltj 

To a shallow mind it may eeem i 
we go further, and assuming the e 
whence did he come, what answer will he give ^ Wo dislike this kind of 
speculation intensely, it carrtea tlie Dfurow-minded person off his bahuiM^ 
but to the man of thought it is pimply the verboae and shallow wanderings 
of amind which has not yet arrived at the concluMon thnt the whole aubject 
he has been talking of is miMt probably for ever removed from the specula- 
tiona of man. It ia an absurd wandering from the matter of animal life and 
from the very sinipb though yet unproven question, whence comes man, fnin 
the apes or from mud P 



AIR AND KAIN.' 

HERE we have a book which ia new in its subject and mode of trmt- 
ment ; and it is a largo one too, extending over more than fiv* 
hundred pages. \Miat shall we say of it P Is it good or bad, too long or 
too short ; too much confined to facta without deductions ; or friven tn 
.«ver-extended generalisations, to tbe exclusion of accurate ubaervationP 
We must answer these several questions by staling that the work appMH 
-to us a good one, but unsuited eiihar to the general reader or to the 
scientific man. It is unsatisfactory for the former because of the quantity 
of tabular matter which is introduced into ita pages, and to the laltrr 
because the author indulges in a great series of observations which an 
not dearly put, and which are intended for general audiences. Still, it 
seems to us to be a good book : it is one with which we have hardly a single 
fault to find : and we give the author the highest praise for the manly and 
fearless mnuner in which he has in all cases spoken his mind, and for the 
intense labour which the work must have eDtailed by reason of the nume- 
rous analyses which it contains of air and water made over every portion of 
the kingdom. It would be a labour without end to attempt anything lika 
a full notice of the author's various and manifold researches. We shall 



* "Air and Rain: the BMrinoings of a Chemical Climatology.'* By 
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content ourselvea with ft few remarliH on the autlior's opiniong relfltive to 
that importftDt queelioa wbetlier drainB, as we hnre in LoadoD, or middens, 
which some of the inanufftcturing towns possess, nre, all circumstances 
considered, tlie most conTenient and healthy. Thus we ghall leave the 
Taiious analyses he publishes out of the question, and shall pasa hie dxaW' 
ingsof the products found hy the microscope in the air of certain localities 
altogether aside. The latter we do more efpecinlly because the author has 
given ua little or no idea of the enlargement of tlie spedmens, nnd we fancy 
that in most cases low powers of 400 to (100 diameters have been most 
usually employed. We shall merely notice, too, the fact that he has been 
at pains, in condncting his analyses, to employ the ino«t recent analytic 
methods— excluding Dr. Frankland'e, and including Wnnklyn & Chap- 
man's method. Neither shall we deal with the author's views on tba 
subject of meteorites, wliich we deem on a par with Sir William Thomp- 
son's notion, which was given to the British Association. But it seems to 
us that Dr. Smith's obaerTationa on the subject of crowding are most 
valuable, and we hope they will be resd and carefully rememhered by all 
those who huva to do with the buildinff of our towns and the general 
management of house property. Dr. Smith says, " There is a want of 
willingness to pull down dangerous property, but a readiness to tush for- 
ward to i;8ve the life of the greatest crimintnls. Reason is out of the 
question in the matter ; we are misled by an uneducated feeling. We like 
to save property, forgetful that deadly -weapons aad poisons are subject 
to peculiar laws, nnd their indiscriminate use is forbidden to the nation. 
Houses that produce death are not property; as well might a man claim 
his debts as such. If a man sells unwholesome meat, the law interferes; 
if he sells the use of a room with ferer in it, the nation seems not to com- 
plain, . . . The time must come — and the sooner the better— when it shall 
bo enacted that no land shall contain more people per acre than we know, 
by expeiience in several places, can live heallhily thereon. The same 
thin^r must be said regarding houses . . . hccnusc of the degradation of 
some of the population." Un the midden versus t^wer system, the author's 
opinions clearly lead us to this, that where water is abundantly flushed 
tlirough the sewer, it is the best ; otherwise the midden is intinitely supe- 
rior, and causes much less death to the population. Dr. Smith says, he has 
" come long ago to the conclusion, that the water-closet is one uf the 
greatest of luxuries invented in modem times j but also thinks that the 
midden is better than the bad sewer . . . The question is not a simple one 
for a yei or no, but an extremely complicated one, where many conditions 
must be balanced. This experiment, however, is desirable — the examina- 
tion of the air outside of tlie houses of a sewered town and a midden town. 
I fisel almost contident of the answer ; indeed, the analyses in this volume 
may be said to give it, because the backs and fror.ta of the houses of 
a midden town give dilTerent airs — the IjhcIib giving worst ; whereas the 
bachs and fronts in a water-system town cannot be diSerent, one would 
eappose. ... I think it probable that, as matters are now conducted, the 
water system will ba the worst in all houses not large enough to have 
sufficient separation. . . . We come to this, that the danger is outside in 
the midden eystem, and inside in the water system, where the danger does 



i 



294 POPULAR BCIElrCZ HBVlKff. 

llr. Smitli's ramnrbs nru juditinuBly cfiutimia, but tliey are to the p.iinl; 
and the multitude o{ muiljsea by which they are acconiputied beu tbvni 
fully out. Altogether, -we nre well pleivsed \vith tho book, which, TfiUi ■ 
few deficiencies in Etyle, is tin adiiiirdble essny on a very difficull lUestioQ. 



MILLER'S CIlEmSTRY : PliySICS.* 

THE fifih edition of Tnii 11. of this excellent treatise ou Chemietrri) 
now before us, nnd we niny ju&t say a word or two about it. We 
remeniber well cnuugb the Hjijwrirnnce uf the first eJitton of iliis work 
when we were lit cullegu «uine lifli'eu years afii. It whs an «xceUent 
introduction to chemical pbysica— clenr and iulelligible to the lowMt 
intellect, amply illuKti'ated, and pi int«d in a Inr^e nnd hoM type. In wliat, 
then, does the present w.nli dilk-r teom llie lir>!l one P Well, it i* newly 
twice the aizu, conlnins a bulk of matlur which lenders it a lerriblu bodk to 
the renders of the tirst e<Ution, and the matter ia excelleotly amoved, aai 
is all that the mere titudent of chemistry can require ; indeed, it ia modi 
niore tbnn an ordiiiary chemical student requues. Stjll, there ar« mdw 
pBTta which ought to have additions made to tbem, and some which, in our 
opinion, might aa well have been cut out But, duubtlesa, that was out of 
the question iu editing a work like the present one. Mr. McLeod hai^ tn 
think, performed bis task with extreme enution and excellent good tut«] 
and he has introduced a quantity of matter in relniion Vo spectrum iui>1]FH% 
and to the question whicli lius liitely occupied the Cliemicnl Society — tlwt 
of atomicity ; thus hrinffing the book up to the time, eu ihnt it funui u 
excellent manual of phyaics for the chemical atudcnt 



GEOLOGICAL SURVEY OF OUIO.t 

DURING the time occupied bj the goolo((icnt surrey of the StAtc, tlu 
Chief Ocologiat is required to make an anuunl report of the progrMi 
of the survey, with such necessary illustratious aa may e.xempUfy the mnt', 
and the present volume ia tlie reault of the field and other wnrk for 1870. 
The dotemiination of tho geological Btractiire of Ohio was not only im- 
portant n« benring on the charnoter, variety, and distribution of tho mineid 
riches of the district, but alM na showing the connection of tho geolD;rtc*l 
featurea of the country lyinp: between tho Atlantic and Mississipi. Alxtaij 
the number nf formations known to exiat in the State has been nmrly 



• "Elements of Cbemistrr, Theoretical and I'ractical." Hv WilliaB 
Allen Aliller. H.D., D.C.L., late rrofessor of Chemistry in King's CoU»it«, 
London. Revised by H. AIcLeod, l-'.C.S. Tort 11. Cbemical PhyucA 
6th edition. Loudon : Loni^miuii, 1872. 

t "Geological Survey of Oliio ; lU-port of Progress in 1870." By /. S> 
Newberry, Chief Oeologriat, and Assistanis. ^ro., pp. 578, with map* ud 
Columbus, 1671. 
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doubled, iind tbeir general structure detormined ; but tlie finnl report will 
embixly all the locil details of tlie difleieot eountiii?, with the oeedful mapi, 
pUns, nnd sections necessary for their proper illustrnlion. 

From the prpsi-nt report it sjipenrs ihnt the coal tneftsurca occupj a 
larger porttna of the surface ari'a than anj other formatiun ; aiiJ, from the 
cumber ot ecouomical substances as8'>i:ia[«d with them, their character and 
distribution has been caiefull; studied. The lirat part compriaea a sketcli 
of the Uncer coal measures in north-eastern Ohio, by Mr. Newberry ; from 
which it appears they contain seven or eight workable seams of coal, all of 
which lie below the celebrated Pittahurg seam, and include, in fact, the 
most important coal slntto of the State. Tbe coal meHSures do not form 
one symmetrical haain, but severnl troughs in a general way parallel with 
the axis of the great one of which they are parts. On the east side of each 
of theae Eubordinate basins the strata rise, or are horiitontal, and the 
easterly dip is neutralised ; ao that on the east line of the Columbiana 
county the section of the hills is nearly the same ns that found on the 
banks of Killbuck, one hundred miles west— the average dip in this 
interviJ being not more than three feet to the miJe. In Iracicg the strata 
from the western margin of the conl-tield to the rennaylTania line, eonie of 
the coal Beama disappear, nnd others conin in j and local ciiaiiges are dia- 
corerahle hath in the development and purity of the dilTerent seams of coal 
and iron. The conla are of vnrioiia qualities. The upper seauia are well 
adapted for the generation of steam ; below them are the cannel coals, 
which, although the iliderencn in heating power is not great, contain b 
larger amount of ash than the English Wignn cannel ; still, however, thejr 
can yield a large volume of good illunii iinting gas. Tlie most valuabis' 
eeam is the lowest, or Briar Hill coal, both for its thickness, purity, and 
being well adapted, in the raw state, fur the emrlting of iron orea. With 
regaixl to surface features, Air. Newberry points out that the rivera, as the 
£illbuck and Tiiscorawas, run in parallel synclinal valleys, and that the 
folding of the strata which formed these subordinate troughs and ridges in 
the coal basin lirat gave direction to tlia drainage atreama of the region, 
and which lines of dralnoge have retained,' tlirough all subsequent muta- 
tions, the directions thua given tiiem ; and that this direction, as well ai 
that of the main tributaries of the State, have been determined by the 
fame causes that produced the greet foldf of the Alleghany monntaina. ' 
The other portion of the volume contains n report of labours in the second 
geological district, by E. B. Andrews, uceompanied by maps of grouped 
eeclioDs, showing the etrata of the lower coal measures in detail. The 
geology of Ilijihland county, hy E. Horton ; which county contains a more 
estenaivB geological series than is lo be ft.und in any other county of the 
State, as it includes the Lower and Upper Silurian, Devonian, and Car- 
boniferous formations, besides aome Drift depnaita and evidences of glacial 
action. The agricultural survey is hy .1. II. Klippart, and is intended to 
give s brief espoaition of the physical and chemical choractera of the i 
aoils, their origin, the part they play in the growth of vegetation, the 
of their fertility, and the theory of their impoverishment. The chemical 
leport, by T. G. Womiley, is more sperinlly devoted to the analyaes of 
the coals, iron ores, furnace-slags, Jire-clays, soils, limestones, and the pro- 
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« br sUeb ihrj wire pRfcI^. ^ket«h«a of Ui« p^Af^ of Qf»Bpt 
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WAX'S ORIGIN AND DESTINY." 

ASINGCL.\R book thU ; one of its own kind, full of leaminf, ud 
rather kddresMKt br ita Btyle to tbo.'e who Kre engngcd iu rimikr 
punuit« tbnn intended for the populace. It ia euentUIIj a deistical wA. 
not Atb«3Etic, for the author coDcludes hf expreudn^ a belief that thm i> 
a Deit;, and thnt we shall LereafUr, when we bate pntoed from tliu voiU, 
enjoy a life of inleiise hnppiness. Ilowerer, it !• not lliat portion of tba 
book which cnntaios the speculations of the author that is tbe most m- 
portant. £«peciall V (hose ehaptera — and tbej are numeroua enough, u ik 
took extends over more than 770 pn^re?— which deul with tbe KTiptOBil 
account of the Lord, and the vHrioua other writings, rume nf tliem rerj dJ, 
and others the works of the holj men of the middle Sfree, are full of iDt«i«^ 
for they let us into Becreta that were unknown to all but thoM wba halt 
made the biblical records the study of Iheir lives. We cannot stlemplto 
review the author's eflbrts for they ore to be judged »lonc by tboec («« 
EBstern scholars who can thoroughly follow the writur throughout. SaQ 
vo see beyond question that he is quite correct in his onslaught on the tixf- 
posed divine origin of ihe I'entslench, and other biblical writings. Slarliu|[ 
with Origeo's question, he asks, " ^^'llHt man of good fense will cvpr persusid" 
himself thnt there has been a first, n Becond, and a third day, and that then 
days have each of them hud their mornini; nnd their evening, when then 
was ns yet neither sun nor moon nor Hlan !' What man is ihtre so Bimpln 
as to believe that Ood, personifying a gardener, plnuted a garden in the East! 
that the true tree of life was a real tree, which could be touclied, and tbs 
(ruit of which had the power of prefert-ing life? " It is cen4iiuly log true 
that the great rasas of people believe the tales of Moses, whilst they would 
not think of believing Ibem if Ibey were in the writing of a Gi«ek 
philosopher, or a Rabbi, or a Mshonistan, beonuae they believe Moses to ban 
been inspired. But we certainly agree with Ihe learned author, that when 
we see that these hooks of Moses are full of repet'tiona and contTadicliuD, 
we must give up all notion of thwr being inspired. .\ few of these coa- 
Irnilielions rany not be known to all, so we gire tliem from the sutfaoc: 
" Thu hesitation of Moses when he received the order to deliver llie Isroelitf* 
is mentioned twice iu dilferent ternni. The miracle of the cloud on the 
tabeinaclu is reUted twice with different particulsrs. Jacob is made tu be 
6* yuiirs old when he took Leah to wife, while Diiinh was scarcely aeven 
"""I of ago when she wm violated by Shechem, and Simeon and Liavi 



I • On " Mankind, their Orixin and Destiny," bv on M.A. of E 
*'^B», Oiford, London ; Longinnii«, 1872. 
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■were scnrcely twelve and eleven years old when they rayapeil a dty and put 
all the iohahitHiita to the Bword. Snnie of thu laws are mentioaed twice, 
and eacU lime they ate different in it." 'Xheae are but a saoiple of it hnatof 
auch errors which the author dwells on. The look throughout U full of 
interest, nnd the plntes representing vanous objecrs, chielty from Elasteni 
temples, »re remarkably iolureatinij. Altogether we are miith plenBed with 
the book, which is, however, of a clasa unsuited to our pnge& We vrisb 
the author had given his name, for then wo could more thoroughly thank 
him for the good efTortB which he hiu niade, and for whith, even though lie 
be utdinowD, we thank him. 



RADUXT HEAT.* 

HERE we have a book which cannot be leniied a pnpolar work in any 
penae cf the word, but which may be reaii, we think, with interest 
Gteu by those who have little knonlwtge of tbn pubject, but who bare 
minda capable of taking up questionB of this kind. It consiata of a aeries of 
memoirs chiefly on the subject of radiant bent. Tlieae have for the moat 
part been contributed to the " Philosojihical Transactioua," and the " Philo- 
BOphicol Magaiine," and they together form auch an admirable eisay on 
the whole subject that we fancy Professor Tindall did rightly in reproducing 
them, Furthermore, they will certainly tend lo let many understand who 
were ignorant before, of the nature of the dii'pute between the author and 
I'rofessoc Mngnua. They will, from this point alone, be of service, for tbey 
will show hnw convincingly strong are the arg-unienta Frofeasor Tyndall 
edvancea, and bow admirably bia experiments have been devired and carried 
nut. To our minds, individually, the most popularly interesting paper of 
the whole ia that on calorescenee, which is headed by those aptly-chosen 
lines from Lucretius. AVe see no reason why any of our readers should be 
unable to follow the author through this portion of his book, which is 
written in Professor Tynd all's usually eloquent, forcible, and clear style, and 
which is amply illustrated by woodcuti;. Altogether the book ia of eours 
an excellent one, and we sincerely hope its sale will fully recompense il 
publiahers. 



GANOrS POPULAR NATUILi-L PniLOSOPHY.t 

WE do not know whether this book is to he lejrarded as superior I 
our English books for beginuers in natural philosophy; indeed, we 
think ourselves that it is not. Still, it must be admitted that it is a very 

• " Contributions to Molecular I'hysics in the Domain of Radiant Heat," 
by John Tyndall, LL.l)., F.R.S., Professor of Natural I'hiloaopby in th» 
Royal Institution. London r Longmans, 1872. 

t " Natural Philosophy for Oenersl Readers and Young Persona'' 
lated and Edited from Ganot's " Cours £li3mementaire de Physi 
E. Atkinson, Ph.D., F.C.S., Professor of Eiperimental Scienoa 1 
College. London ; Longmans, I87J. 



298 POPULAB SCISHCB KBVIBV. 

good book of its liiiid, ttnd that it is by the same nuLhor aa iLst o(, perhaff, 
the beat-known munual of physics. It ia carufully prepftred by the Eng&h 
editor, who baa discharged bia tn^k of traualatiDii very veil indeed; then 
being, (La far as wo have seen, un utter Hb»eiice of any of thnt pecnlitf 
Prench idiom m objectianable in il tranektion. The bonk ia nicely pnnted, 
and its illtistrRtions ore, in our estimation, tbe rery best part of the 'wboli 
Tolume. These are eicellently done, and are no less in number than 414. 
We fancy we notice a few errors here and there in the optical illuatratioEi; 
but they are defects by the absence of special rays rather than oiiierwiie. 
In the next edition, too, it would bo as well if I)r. Atkiuaon would look 
it over carefully, ao aa to avoid tlioae errors which are abaolutely ine-ritable 
in the firat. We would point to one, for example, that certAiuly appetn 
so to us. It is on p. ■tS!?, eigbt lines from the bottom. The authn, 
apenkiug of the iuimoneo value of the spectrum analyses, says that "lUeit 
eitremo delicacy constitutes them a niost yuluable help in the guaiililat'it 
analysiB of the alkalies," &c Surely ho meant quslitntivo in thia CWb 
There are others alsu in tho volume, but of mucli less importance. 
Altogether, tbe translation is very creditable to the editor. 



1 



ESSAYS ON ASTRONOMY.' 



MR. PltOCTOE has so loufr and so frequently contributed papen to ev 
columns that we suppose our readers will tluDk wa are prejudJOtd U 
his favour. It is not ao, however. We see Mr. I'roclor's good qtufiiui, 
and we see his faults also ; but the latter are ao very small in eomptriwa 
with the former that they are nlmoat insigniflcnnt. lie has eminently the 
faculty — the too dangerous acquirement in tlie caae of a scieutiGc man — of 
writing. Let him take up any eubject which be underslauds, and he i< 
ftble to write there and then a long paper on tbu subject. Whilst moat 
men would require to collect material, and, havuig done so, to arrange it, 
and, having settled the matter, would have considerable dilHculty in oom< 
mitling their thoughts to paper, with Mr. I'mctor it is dune at once. Thia 
gives him a great advantage over his fellow- workers. But it ha.H its diatd- 
vantagcs. It leads a man to contribute something to nearly every j annul, 
and this b what Mr. Proctor does, and it is where, wo think, he em. If 
even it be granted that in the msjoriiy of cases be is but pupularialog that 
which he has aired in rcientific arenas at an earlier date, be is, at all eventi, 
doing that which the majority of scientific men refrain from, and whioli If 
generally thought to give a man a character for light tbiuking rather than 
for serious heavy work. However, in the eaaays before us at present this 
idea will not occur to anyone. They ore all serious papem, a few takta 
from our own pages, and others from various other journals, tbe majority of 

* " Essays on Astronomy : a series of papers on I'lanetn and Metoors, tbe 
tiun and Sun-«urrounding ^pace," &c. : preceded by a sketch of the Uls m ' 
work of Sir John Herschel. By Itichaid A. Proctor, BJl,, J * 
London: Longmans, 1872, 



them appeariiig to be excerpted &om ilie " Ptoceedtagv of Uie ' 
nomic&l Sodely." Alt ths pnpers are g»od, ^me nf tbeu i 
excellent ; but tbey have all cooio before Bcieotific raulera before, and 
are now dddreFsed to the geneml public. The opening chapters are about 
the moat geoeraUy intereating in the roliime, as thej deal with the life and 
labours of the late Sii John Ilerschel ; but all will be found interesting and 
profitable reading. 



BOTANY FOR BEGIXSERS.* 

WE think thnt Dr. Moalera baa not been guilty of a commeirial mistaka 
in publishing the book before us, the greater part o( which origiaoUj 
nppeared in the pages of the " Gardener'a Chronicle." But alto^tber apart 
from the nionetarj' aspect of the question we hate reason to be grateful to 
the author for the trouble he has taken to write a genuinely popular work ; 
a book, be it understood, whicli is absolutely devoid of the abominahla 
twaddle of most popular treatises, but wbich is couched in language intel* 
ligible to every reader, which is bo Hrran.ged that each difiiculty b provided 
for, and each technicality is explained as the young student goes on, aod 
which, nevertheless, does not keep the pupil fur days learning the inter- 
minably dry details of the flower and stem in the abstract, but which 
plunges in media» rei of botany at once. The first six chapters deal with 
various plants so common as to be accessible to every one eveu in this hvgfl 
city, and the remaining four trout of the pliyeiology and clnssification of 
■vegetables. The illustrations are most of tbera novel to the student, and 
are nearly eighty in number. We certainly ihanlc the author very heartily 
for so admirable a little book as the " Bi>tany for Beginners." 



ANTI-DAnW INISTS.t 



^■TtfE have before us two books whoso whole sira is to show ua the errors 
T V of the Darwinism doctriuea, and the truth of the older views. Wo 
cannot agree with tlie conclusions of either. Tn fact, neither has anngle 
argument to adduce thnt, resolved to its simplest elements, can resist the 
general doctrines of evolutionists; but the one is written in a true scientiHo 
spirit : we do not say thnt it has a great deal of science in its pages, but the 
spirit of science is there, calmness, coolnesf, patience. The other has not an 
atom of scientific value, and very little of mere literary worth eitlier. 



" "Botany for Beginners: an Introduction to the P*'"!" 
BvMaxweU T. Master*, M.D,, F.R.S. London : Brad» 

t " The Higher Ministry of Nature, viewed in 
Science, and as au aid to advance Christian 1 
LeifchUd, M.A. London : llodder and Sloi 

" Esse and Fosse : a Comparison of Di*l 
eoverally indicated in Fact, Faith, and ' 
M.A. London: Longmans, 1873- 
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Both books -we disapprove of because of the views they COntUD, liut the on*, 
that of Mr. I^ifchild, we eaa commend to ihoee who wish to read tuch it 
book, while for the other, which "bears the uanie of a Mr. Braitliwute, we 
cannot any a Kjlleble in fikvour of. In elyle it is affacted, in reasoning Eeir- 
fully Bhalliiw, in auhstance it lilts nothing upon its naked bone*. It ii, 
therefore, an empty, vacuous work, in no wiiy to be recommended. On ihs 
other hand, Mr. Leifchild'a work, though it ia large, calmly written, dealing 
with its opponents in a truly Christian spirit, and above all things nioeljr 
written, is a poor argument against the thousand reasons which Uu 
evolulionista can urge against it. In any vase, we commend it to the notin 
of out readers, but we cannot honestly recommend the empty book wbich 
Mr. findthwaite has given us. 



A MARVELLOL'S CRIRT.' 

TRULY a wonderful work that which gives in the 
map — a circle of about one foot two inchi 
is to be found in Argelander'a wondrous atar-raaps of the Northern Hemi»- 
phere. In other words, this map of Mr. Proctor's displays at odc« in the 
proportionate Mze and in their exact position, no less than S34,lSi8 heavenly 
bodies. It is certainly a mnrvel of work, and is beet studied by means of ■ 
good large reading lens. Indeed, without this it will look to many aged 
persons aa simply a dirty circle, which has a filthier aspect in some parts than 
others. Iteeides this there is publiehed with it a key map, in which ibo 
larger canstellatians of the Northern Hemigphero nro digtinetly represented, 
and the ligures on this can be very readily distinguished in the photogntpldc 
map — for it has been done by photography, ns being more exact. Truly 
enough has Mr. Proctor said, tbitt "to the gvneral student of science the 
chart b chiefly of use in nlTording- the means of enlarging his conceptioiu 
respecting the glories of the celestial depths. If he remembers that every 
one of the dots in the chart represeuls in reality a «un— a sun perhapa 
exceeding our own in magnitude and splendoux—he cannot fail to bs 
impressed with a sense of the grandeur of the utellar uoiverae." This 
admirable map we, through some mistake, omitted noticing in our last 
number, and we beg to oDer our ample apologies for the fact to both our 
readers and the author. 



• " A Chart of the Northpm Ilemisuhere. on en equal-surface projectunii 
showing all the stars in Argelandera series of fortv full-sheet chat1< — 
324,1D8 in all, with a key map on tlie same projection.^' By It. A. froctnt, 
B..\., F.K.A.a Manchester : PhiitogrBphed and Tubliflhed bv A, Brotiew, 
1871. *^ ■ 



SHORT NOTICES. 

1 Batumi Pkilosopky. Br Mrs. Marcet : lerued and 
edited hy her bod, Frimcis Marcet, F.R.S. 14tli edition. LondoD : Laag- 
maDB, 1872. Those whn like this book — and we believe it cim number its 
admirera by thoueacds — will be pletisud to find a new editioa of it. It is, 
BO far as we have examined it, tolerably accurate, and it is fuller tfaan 
tnany text-books od the aubjecL The iUiuitrations are both numerous and 
good, and the chapter on spectrum snalTdia ia Bingularly excellent, 

On Ihe AnlngunUm hetwten the Adioru of Phyiosligma and Alropia, Bj 
Thomas R. Fniaer, 5I.D., Lecturer on Therspeutics nt Surgeons' Hall, 
Edinburgh. Edinburgh : Neil k Co., ISTS. This ia a. work reprinted 
from the " Transactiona of the Rnjsl Society of Edinburgh." It coa- 
taiiiB aenrly 200 pages, accompanied by Dumeroiu charU, and is certainly 
the most roluminous account which has ever been published upon the action 
of two drugs. It has an interest of the higheat kind, not for the general 
reader, but for the medical man ; and we hope there are few who are 
interested in the opposite action of drugs who will not carefully study 
Dr. Fruser's important results. The general conclunion at which the author 
has arrived from hundreds of experiments, though not exactly novel, ia 
nevertheless of importance. He sajs (page 017) that " the conditions of tha 
experiments, and the symptoms that were observed, render it certain that 
atropia prevents the fatal effect of a lethal doee of physostigma, by M 
influencing the functions of certiiin structures as to prevent such mortifica- 
tion being produced in them by physoatigma as would result in death." 

The Sim : Ititkr, Fire, Light, and Life of the Fianelanj Sgilejn. By 
II. A. Proctor, B.A. 2nd edition. London : Longmans, \S72. We need 
only say that this volume has gone to a second edition, and has sold more 
than 2,0(XI copies in the year. The present issue contains several new 
illuetrations and some important addilione. 

Popular I^ysiology. By E. D. Mapother, M.D. London; Longmans, 
1871. This book waa not noticed, through aome omission, in our recent 
number. It b a very small book of over 1(X) pages. Contains a good 
many iUuatrations. It is only intended for the roost elementary possible of 

The Earlh'i Cnut .- it Handy OuUiiu nf Geology. By David Page, LL.D., 
F.G.S. Blackwood & Sons, 1872. This ia the sixth edition of a good 
elementary outline of the science. It is just the sort of book for a clnss- 
book in school-rooms. 

The Year Book of FacU in Science and Art. By . 
& Co., 1872. This containa just the usual a-"' 
degree of printer's blunders or other errw 
approTe of ao badly edited a volume. 
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77<e Fairfield Orchidx cultvTnled by Messrs. James Buike & Co. Bnd- 
burj & Evans, 1872. This is, of course, ft pablication got up Ibrtlie pur- 
pose of BeUing the orchids of thia firm. "We beiie%'e that Mr. Leo Qrindon 
hod a shnre io its production. 

Tht Stone-Age i>i Atro Jcrtey. By Charles C. Abbott, M,D. Solam, 
TJ.S., 1872. Tlib is unquestionably the beat paper and most el»bot»l*iy 
illuatrated which has apyenred on ftint wenpoOB in any part of the world. 
It is admirably done, and we btb glad it has been reprinted from lh« 
"Ameriwin Naturalist," in which it originally appeared in last March or 

Opticai lUiaioiu Kiplained. By A. !(. Lacy, 1871. Is amply an el- 
planation which csista in erery treatiao on natural philosophy in esistenM. 

The Ttstimony of the Sochi, ^r. ByT.CalUrd. London; Elliot Stock, 
1872, The whole matter is eipluned in about twenty-fivo pngw of tie 
smallest duodecimo. The author hits been fattunate, we must Kiy. 

The Existence of Projectile Fm-af in Kaltire. ByJobn Porker. Kew 
York: Wiley, 1S72. The nuthw flimjiUfiea the whole of astrononuesl 
questions, in twelve pages 8vo. 1 t 

The Hygiene of Air and Water. By W. Proctor, M,D., F.C.S. London: 
Bardwicke, 1S72. Thia is a sensible little book on two important point* in 
Hygiene. We recomraind it to our readers' notice. 

Sumim Proffrcss in Medical Education. By W. Aitkeo, M.D., Profewv 
of Pathology in the Army Medical School I^ndon : Griffin & Co., 1872. 
This is a very capital address, given by the Professor of Patbolo^ at 
Netley. It will repay attention. Dr. Aitkeo seldom speaks without aaying 
Bomethint; to the point. 
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The Ecliptt 9 
foond thecUefpartieiikaaflkcafcM 
wu hoped, boirerer, that sttfe XmA ■ 
fall reporlswould lure beat HMde by Aa 

thfti many debult of inlcRat wmU O^ W ^mo^hc^ T« tfc* « 
ment, and indeed to the dkgwt, of thm n u wjrf McOiag vUcfc ■ 
on the strength of daa « ' 

Nor via an; Kport deltrmd «t tke Apnl or Mmj n 
of those whose duty it n 
pedition baa oatuiaUy giTen riie to rnncb comment, bj do m«aiii favonnble 
to the Dorainal chief of the eipedition ; the more to that the sud bead of 
the expedition has made free use of the infonnatioo handed in to him bj 
bis fellow-obaervera, as well in lectures as in papers published at a price. 
It b felt that ^unless there be some explanation as jet itnpnblisbed) it ia 
altogether unworthy of a student of science to refrun &oin making due 
announcement of discoveries effected by the aid of Government money, and 
by the skill of fellow-workers whohaveuasusppctingly entrusted the records 
of their work into his hands, unless when the announcement can he so made 
as to be repaid with so many pounds, shillings, and pence. We trust for 
the honour of British science that some eiplnna*' ^et be forth- 

coming-. 

In marked contrast to the action of the reputt 
pedition, is that of Col. Tenosct. So soon as ' 
loid'his EtatemcDt before the Royal Astro- 
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exasninatkiii Ibe splmdiil ptkotofrapb* whidf vRre obfaincd at DoddboUa. 
It tbonld be Doliced in punng tkU ibc pb'Aoen4t(l^ toncljr (If at all) l«i 
pertvct, obuioed bj Mr. Iteru, wbo al t»rd lindnV* cImt^ acconi]Haiial 
the Eng1i«h expedition, etatftd aa itj a inim^le from tke ti^ht ^p whwk 
laid hold af eTetythiDg eUa obtaicw^ br ibat putj,* and wen Uiim atafl- 
able Tor comparijiHi with thoae of CoL Tetmant. Nothing eootd punhlj 
be moro coanadag than the eritltrDM giT«D b* cither Mries Mpaiatalj, and 
br the two Mries when titlcen iag^tba. The detail* of th« oorMM in thne 
photograpba are rery nomerou*, and woodeifullj diatioet; all of lAnn fan 
be ncogniied in all A» fAatograpkt- We cannot wonder that area ihuw who 
bad bt«ii mod oppoeed (o the eoUr iheorr of the corona hare nl hut pTen 
in their adbesion to it. We do nut sij that all of thpm haTp, fnr thxt 
would be expecting too mncb, buman calure bein? aa it i^. But lh*t «nj 
of the opponenta of tbat theory should bare adopted it, rpfinka Totumn. 
Now Dr. De la Hue, who, it will be rero^mbered, bed urjred ar^umpnt* in 
fkTOiU' of l)udem»nn'» theory, whii-h mey be called the lunar iLeorj of 
the corona, admitted, with a candour and fraukneee which did him raftniM 
honour, IhitC the photographs obtained la<it December demonstnt« tbe Mlar 
nature of the phenometton, 

DentUia of JapiUt't /idaUilet. — Mr. Proctor bu called attention la the 
incorrect values of Jupiter*B aatelUte* which have found iheir way into eof 
textr-bookit of aatronomy. Theae values have led to erroneou* uoumpiloae 
ta to the conditioD oF tbeae bMlies. The fullowiiig table shows at one* the 
incorrect values fonuerlj adopted, and those which Mr. Proctor ha* (•!• 
cnUted: 



u<U»t of Jupiter 


I)«1ultrtluXntBvtll = l 
Tut-bookwlDB TmantiH 


DimMtTH»tatW>Ur-1 


0-0000173 
0H)0002S2 
(H)00088.5 

0-00004i;7 


iiii 


OIU 

0-171 
039U 
0233 


1 1148 
,' 2187 
1 1-883 



IV. 

It will be feen tliat the errare are enormoua, nor is there any recognisahla 
explanation. For the density of the tint satellite if ^ven in our test-bookl 
nt about a tenth of its true value, hut that of the third at rather mora than 
a fifth. One obtains something very like the teit-book values, however, 
by BuppoMBg all the satellites equal in eiie to the first, and by reducing the 
thence eetimated density lo ODe-t«nth of its value. jVsiuredly, supposiR;; 
this to be the true explanation— or, indeed, whatever may be the true ex* 
planation — the error is a most monstrous one, to be repeated, as it baa baen, 
from one hand-book of astronomy to another. It may fairly be asked what 
eonfldence can be placed in such hand-books when blunders like thdNi ai« 
suffered by their authors to escape detection. 

Orbit of the DoubU-itar Corfor.— Mr. Wilson, M.A., of Ruaby. enundalas 
thesomewhatstartlingtheotythaC the orbit of Cantor is hyperbolic, "a farm 

* Pruhnbl^v because, being obtainod at Lord Lindsay's expense, them wu 
a private claim upon them. The public claim upon the obserratioas of th* 
member* of the aipedilion could bei)rnored, it would seem; but, fortunataly 
for Kieoce, Ijord Lindsay successfully ui^d his claim upon faisown propn^- 
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of orbit," na he truly ren&rka, " n-hicb baa not beeo ahowa to exist in tbe 
CHS of Bny binary Byaiem." It may be remarked that Sir John HeTecbel, 
Marly forty years ago, deduced the period 253 years, while Smyth obtained 
S period of 240 yenra. In the Monthly Notices for December 1845, Mr. 
Hind gives elements " entirely ditferiog from those previously computed by 
Heiscbel and Madler," the dilTerence being- " materially owing to the great 
influence exerted by recent measures at Mr. Bishop's observatory by Mr. 
Dave3." Mr. 'Wilson's result iovolves a somewhat startling advance in tbe 
aame direction. He finds that tbe apparent orbit is part of an hyperbola of 
eccentricity 2'2. " Tbe real hyperbola may be shown by a graphical con- 
■truction to havo an eccentricity of 310, sjid its line of nodes nearly coin- 
cides with the axis major." " If this orbit is correct, tbe angle of position 
will decrease to the limit 188". It is now about 238°a2, according to the 
observations of Mr. Seabroke and myself," be adds, " and a little leu by the 
interpolating curve— about 237°85." 

An Untatpeclrd Caiae of Diffraction Phenomena in Tdeicopet. — Captain 
Noble makes the following remarks in tbe Monthly Noticas for April : — 
"Some little time ago, in observing Jupiter and bis satellites, 1 remarked 
certain emanations which appeared to have their origin in diifraction. I 
waa Teiy much puzzled to imagine in what way these phenomenn could 
arise. My 4'2-inch Ross object-glnss is simply perfect ; my oyo-piecea were 
carefully clcAned, and, so fur as I could see by removing them, and looking 
Up the tube at the Moon or Jupiter, tbe tube itself was free from any ob- 
struction. Since, however, tbe general definition of the instrument was 
sensibly unimpaired, I took no further action in the matter, and let things 
take their course until about the middle of lii^t month. I whs observing 
the sun one morning at that period, when I reoioved the eye-piece for some 
reason, and happened to glance obliquely up the tube. To my astonishmeDt 
I saw, brillisnlly illuminated by the sun, a perfect grating of excesaively fine 
spider-webs, spun vertically Hcrass the interior of the telescope, somewhat 
within the focus of the object-glass. A light, in more senses than one, 
suddenly broke in upon me, and I very speedily removed tbe oflendiug lines. 
I had tbe pleasure, that same evening, of viewing the Jovinn system shorn 
of all optical appendages. I am too ignnrant of the Arachnida to be able 
to guess at the species which produces a web of such extraordinary tenuity ; 
but it certmnly must be an estxemely minute one, not only on account of 
the excessive fineness of the filaments which it spins, but also in order that 
it should have found its wny iniido of a tube so thoroughly and carefully 
closed as (1 should think) to prevent the existence of interstice or aperture 
whatever whereby an entry might be effected." 

Speelrum of the Zodiacal Light. — In our last Summary we mentioned that 
Liais bad found the spectrum of tbe todiacal light to be a faint continuous 
one. Before that statement had appeared in these pages, news wbj received 
from the skilful Italian spectroscopist Respighi, to the effect that the 
spectrum of the zodiacal light consists in the main of the bright line form- 
ing the chief conatiluent of the spectrum of ordinary green aurora. 
" Formerly," be says, " I made spectroscopic observations on the Eodiacal 
light, in the East Indies, but I could not see Angstrom's line, and I had 
obtained no result because I did not take Che necessary precautions, protect- 
TOL. XI. — HO. XLIV. X 



log the eye from externnl ligbt who^e briiihtueu nu saffiaent to rdl Om 
line and the bright neighbouring lone." But hi* observfttions on ih» tdgU 
following the greAt auroral display of February 4, eerre, «o far •« thaygoy 
to prove the Terj reverw of what Hespighi inters. lie says ; " TbinldD^ 
that the (lurora-boreniia would re-a.ppeat on the neit erening after the di»- 
appearanu) of twilight, I aet myeelf to obserre the sky, and 1 found it 
illuminated in all parta by a feeble ligbt which produced the elTect uf a 
gnoeral phosphoreacenee. While naiting fur marked phenomena, I dincted 
the spectroscope provisionally towards the lodiaciJ light, then tolersblj 
bright, and ioon I could dis^nguisfa thii green light and the neighboaiiog 
tone of tight apparently continuous-, nod which euibnced the space occupied 
by the linea of the auroral spectrum. Neit turning the spectroscopa on iLe 
faint light which illuminated the heavens, first townrda the mi^aet)G 
meridian, and then towards all azimuths and at all helghla, I waa eurptia*d 
to find still the same spctrum, more or less marked, but everywhere ai 
distinct as in the zodiacal light. MoreoTer Dr. D. Legge,oneof theaaustants 
at the observatory, distinctly saw tbia spectrum in ail ports of the heaveiu. 
These obeen'ations were mado tawarda seven or eight o'clock. lAtar, 
towards ten, I could not detect thia spectrum in any part of the beaTena. 
This fact, which confirms a similar obeerratiou made by AngBtrim in March 
1867, seems to me somewhat important, for it would tend to show th* 
identity of the li);ht of the aurora-boreal is and the zodiacal light, and 
hence the probable identity of their origin." It Br>ems to ua, on the cuntraiy, 
that Iteepighi's observation tends to show that the appennuice of the auroral 
line when the spectroscope was turned upon the zodiacal light waa due to 
auroral light in that directiou, and not to the zodiacal light at all. It 
certainty was a suspicious circiini stance that a certain bright lin« could be 
seen as distinctly in all parts of tha sky as towarda the lodiacal light ; and 
one cannot understand why, under the circumstances, Reapiglji should jodg* 
thia line to belong to th» zodiacal light, since unquestionably any auroral 
pboephoreBCeace must have extended over the zodiacal region as w«U at ovu 
the rest of the heavens. 

But all doubls on the subject seem to be 6nally removed by Prolauoi 
Pioizi Smyth's recent observations in Sicily. In the firat place, it idiould b« 
noticed that Prof. Smyth attended much uiore carefully to the sunicturt of 
his'i iustrumeut than any of his predecessors in zodiacal observation. 
He was also particularly careful to exclude extraneous light. Ha had an 
instrument eo contrived that he coitld examine nmultaneously the (pactiun 
of any auroral light aud the faint linear epectnun of an alcohol flame. Now 
with n narrow slit he obtained frotn the zodiacal light no spectrum at all, 
though the very same iaitrumect bad, with the same slit-opening, ahowa tha 
chief auroral line even from very faint aurora. As the slit woa widenad no 
trace of a linear or band spectrum could be recognised, hut with auffioaot 
opening a laiat continuous spectrum, exactly like that obtain«d from laint 
twilight, or indeed from the ordinary night-sky when there la no aarork. 
Here we have aluoIut«ly perfact proof of the fact that the (odiacal Ugfct 
gives the same spectrum as faint reflected sunlight, tlut Prof, Smytli^ 
observation proves mure than this. It shows tlint, under the v 
'rcumslancei, the iLHiiacal liijht pivet no spectrum where tha I 
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auTornl liglit givea the cbnTactoristic green line Bpectrum ; or, in other worda, 
tlmt apectrciscopicBlly de&lt with, the elit being IJDe, the zodiocnl light gives 
B bnckgrouad an which tha faint auroral line (if aurora is present) nisy 
show itself as perfectly as though there were no 7odinccJ lijiht nt nit. 
Hence Prof. Smyth's obsert'Htioa not only demonstrate the red nfttnre of 
the zodincal tpectium, but shows how the mistake of those arose who havb 
supposed the zodiacal spectrum to be identical with that of the aurora. 

Proper Molimit of the Stan. — Dr, Iluggina has been able to coulinue his 
researches into the proper motions of tba stars in the direction of the line 
of right. It will bo remembered that the telescope he formerly used did 
not possess sufficient light-gathering power to deal with any star except Sirjus. 
The instrument Dr. Huggins is now uairg baa a light-gathering power four 
times as great. The first fruits of its employment in this tine of research 
confirm in a very interesting manner the eniicipnlions as well as the theories 
of Mr. Proctor. Dr. Iluggins finds that certain stars are moving rb if in 
^sterns or families, since they possess a common motion either of recess or 
approach. Among such instances may he mentioned one of a very remarkable 
kind. It may be temeRihercd that Mr. Proctor, nearly three years ago, 
announced that the five stara fl,y, f, r, and J Urax Majoris, as well as Alcor 
close by t, and the telescopic companion of H, are moving in a common 
direction ; and at a lecture delivered in May, 1870, at the I!oyaI Inslitutioo, 
Mr. Proctor expressed his conviction that whenever Dr. ITnggins applied 
the spectroscopic method to these stars, he would find that they are either 
all receding or all approaching. Many, unaware of the evidence on which 
this conviction vena based, considered so definite a prediction altogether 
unwise. It bail, boivever, been amply con6rmed hy the event, since Dr. 
Iluggins finds these five stars to 1>e all receding at the rate of about thirty 
miles per second. On the other hand the star ;, which Mr, Proctor had 
indicated as not belonging to the set, is found to have a spectrum differing 
in character from that common to the five stars, and though receding, has 
* different rale. The star n, also as mafked by Mr. Proctor distinct from 
therest,ia found to have atolally diiferent spectrum, and to be approaching.' 
Tbna the prediction referred lo has bees more than fulfllled ; it Lss been 
found not merely that all the stars of the set are receding at the same rate, 
but that other stars excluded from the set are not moving in the same way, 
and are furthermore distinguished by spectral dilTerencea from the membeia 
of the drifting-star family. 

TUmtUfor the Quarter. — Saturn is the planet best placed for observation 
during the approaching quarter. lie comes to appusition on Jidy 0, at 
11 h. 13 m. Jupiter will be in conjunction with the Sun on Auguat 3, 
4 h. 6 m. p.m., and is unfavourably wluated for observation throughout the 
quarter. None of the other planets (eicept Mercury) will be well placed 
daring the quarter. Mercury will be at hia greatest eastern elongation on 
August 3rd, and at his greatest westerly elongation September IC. 

Auj/uit Meieori. — We remind out readers to look out for the fomoua 
August meteors on the nights of August 0, 10, and 11. 



BOTAXY AND VEQETABLE THYSIOLOGY. 

J)i/per»ion a/ Setdt bg the Wind. — A gnnd pnper on this subject hits been 
contributed bj M. A. Kemer, Director of tlie Ugtaaic GntdeD or Iniubrucli, 
lu tb« " Zeit. ties Deulwh. Alpcn-vereine." He made a thoioa^b inquirr 
into the llora of the filncier moraines, and the seeds found on th« surface of 
tbe glsciera ihemsvlvas, believing- tbat these must indii-ate acciirstulf I^e 
gpecies tcIiosc Eeeds are diBpftraed by the agency of the wiod. Of tbe funuer 
description he was able to identify, on five liifi'erent moraines 124 epecies of 
pbuts; and a cnrefol examinBtinn of tbe substancos gathered from tbe sur- 
face of the glacier showed seeds belonging to ibirlT-alx epwies ivhich could 
be recognised with certainty. The two lieiA agreed eutirely in gener«l 
character, iind to a considerable enlent, also specifically ; belonging, with 
leucolf an exceptioa, to plants found on the declivities and in the mountain 
valleys in the immediate Ticiaitjr of the glacier; scarcely in a, single io- 
BtAnce even to inhahitnntt of the more aouChem Alps. M. Kemer's condu- 
uon is, that the distance to which seeds can be carried by thfi wind, eim 
when provided with special apparatus for floating in the air, has generally 
been greatly over-estimated ; and this is veij much in accordance with the 
view advanced by Mr. Dentham in bis anniversary address to (he LinaBau 
Society of London in I8G!). Along with tbesetnls M. Kemer found, on the 
surface of the glacier, more or less perfect remains of a number of insect* 
belnoging to the orders LepidopUra, Jlymnioplera, Diplera and Coleepltra, 
which, like tbe seeds, belonged almost exclusively to species aboondtng in 
th« iaimediatfl neighbourhood of ihe glaciers. 

Tht Fertilkation cf Cont/erm has been rery carefully studied lat«ly by 
Signot Delpino, who is now Professor in the State Forest School at Val* 
lombrosa. He has been paying much attention to dichogamous flowers, and 
to the dill'erence between thoBO fertilised by the tvind (anemophlioue), or by 
iiwectd (entomophilouB), or by animals of whatever sort— zodiopbilous, a* 
he terms them. Conifertt, ns is well known, are anemophiloua, that ia, thnr 
f«cundatioi] is entrusted to the wind \ their light and most abundant pollen 
u correlated to this, and the structure of tbe fertile inflorescence ia iuch 
tbat the pollen reaches the very orifice of the ovule. In yew and cypress, 
and in other, if not all othor genera of tbe sub-orders they represent, Delpino 
finds that, at the lime when tbe ovule is ready for fecundation, a minute 
clear drop of liquid appears at tbe orifice of the ovule; gruus of pollu 
falling upon this are retained, are melted by it to develop the poUcn-tube 
into tbe liquid first, thence into the ovule, and the drop is then r«-abaoTb«d 
or dries up. Alph. de Candolle, in a recent number of the ".Arch, da 
Sdcnces de ia Bihl. univeraelle," calls attention to the fact Uiat this droplet 
waa known, as to its appearance, function, and nHihsorption, to bia 1 
Tcnerable townsman, Vaucher, anii in detcribed in hit "Phydolcigy of A» 
Plants of Europe," published in 1@4I. 

Artitm of FarrijfTi I'olleH on the Frail of ikt FfHOittd lUnl,—'- Sillimaii'i 
American Juiimal,'' May, stales that Maximowicx boa collected in a Ruantli 
journal the obnervations and experimenta on this subject, and recorded ao 
observations of bis own. He mutually crossed Lillium dartricam uti Z> 

'hifervm. Now, theao have be-en taken for one and the laoio by late 
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w imIui ^ VHl sfc nurr f mh i ?1f i ■ uty feuuiiiUn^ to MixmoviciiL, In Xat vttM 
of tfair lapciiles and faulfa boIw. la Ac nq^ B]q«aiii^ Him pstQ of 

Z.' hia^iii iiiii batjjiaei br tbt poDflD rf £. amii f tat fru;, httt UM 

to WBtine it. Thwi of Z. iJome-irMM, faftOind ^ tliB ydha of £. MW> 
/ovM, Miuin d TcB 1 bin. lu ibe mpaiM cf &■ obBrvm, ix taimtt lb* 
'n^X. i(ia>fr«M,iDBbadarAcibiKtaMCifaB vfeam. TUi 

H tk» neaad odilami. rerued and carreOei. and pofcSrted sow ^ Mr. 
B. FSckan Mnm. It k. hcwerer, menJT a rapnnt, nidi oawwtia w Md 
« few aJJlifn, of &e eatalogne kaown lamiliari j a* ' Masn'a Ifttc fci am t 
Lut," wUc^ haa Wm of gran Bcnio te all coUwion of Am«ri«B jUmU, 
Since tlie nmaia g Boaiban kare scA btesi daiiit^ it will be poMiU* to dm 
tb old wd MTw 9^nmt Jttw c h a Bg wMy. Tb« •• trfM^np^Mtl and oUnr 
emx^" wkkb Iwve bea foand ^ ooireetod, ara orer 100, aad Mr. Mau^ 
in Ui prebM^ rM»ii a Ua Imlfaa'a nqnat tbat penou vmg Um oMakfM 
would Mod kifli Mdea of all «ran diteavawL 

A Fiafia-UM GroKti tm the Itrntt* tf CUmm HmCi Iiu baea thofoiifrUy 
uiTeetwated b^ Mr. H. J. Slack, F.O.S., irho has i««d a pap*r upiui tb« 
subject before tbe Koral MicroK^ical Soci^tr. In Ihe tint |ilao<<. he Mf*! 
a number of leare* were taken from roleiu plnnts of larioiu onKiiini, and 
CArefiUi; examined in ibeir natuni Etat«, both br tmuniitt^d and rellM-tml 
light. It became apparent that ererf leaf, nhalcrcr its agn or tint, inhi- 
bited cbieflf, if DOt enUrelv on tfas under aurfrce, a number of glubiilu 
bodieaof abeauliful veilow colour, highly translucent and reftraolivr, mtwtof 
them marked with a cron like that impressed cpon the wi^U-known itv)MH 
bun. Theae bodies differed in hue from anj yellow of thn leaf, and thnj 
were itertriboted pretty uniformly without any regard to the varlepratlatu of 
the leaf-colouring matter. From damaged apeducna, it nna obvioui tliat 
they were the bodies alluded to by Mr. Howao, who in a rnonnt papar 
imngioed tham of fungoua origin. The colour of theie bodleM, when looking 
healthy, and well filled with their refmctire matter, varied from riuh tnpaa 
to a pale sherry tint, and they f-litteied like jeweU whnn well lit up. 
Empty colla had a rude resemblnnce to a muabroom in Corni, with a *tout 
Etem and a round bead mnrked with the crou, but the t«xlum did not look 
in the leMt fungoid, nor could nny my celium hu djironied iu or on th* 
leavM. — Vide " Monthly Microscopical Journal," SUy. 

Btath of M- rfe Srebiuoii.— Those who Bfc familiar with the larga amount 
of work done by this gentlemsn will regret hia duath, which look plane on 
April 2'3, in his seventy -fourth yesr. . 

SlriKlure of Ote Duacinactinu FitittiUe. — ProfuMor II. I» .Sriillli gives hU J 
views on this subject la the April number of tha " Ijpnu." Ha bclivTH I 
that all the fruatules are '' siliceoua boiea," with either one portion (tha 
cover) slipping over the other, na in riunularui, or with viljtes siinply op- 
posed, IU in Fr<Kjiiaria. If we take a fru^tule of Melonro, it mny lie wmp- 
pared to a pill-boi— one portion slipping cm to tbs other. The gnat mat 
f diatom* are thus ciin»titut«d. It \* perfectly evident that, \a i' 
I fbrmatioD of ■ new valve, in the proceiaea of tetf^livUir 
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prirl, -wliich slips out from tlie oUier, must he somewhat muiller. triMd« of 
tlie box IB ft membrane, inclosing the iutemal coloured or eolimrlcu sulh- 
atftDce, imbedded iu ^liicli iuh; always be seen, Ht lea^t io ihv luger Ibrma, 
a distinct nuclBiia, Bometimes two, und sometimes q " genuionl dot," with 
numerous tine ihretids radiniing from the nucleus, or the gomiinBl dot. 
the &ustu]e increases in width, ane portion alipa out Iroui the utLer, ■ 
sometimes successive additions of «1iceoiis matter are ninde to the edgca 
of the has, aomewhnt Hnnlcgous to the succcBsiye additions to the edg« of 
the shell of (t mollosc. When the TCidi^ing- of the friutule has reached ■ 
certun extent, the lining memhrane, nt the places which ^oiild be exposed 
if the two portions were wholly to slip apart, infolds. He haw reason » 
believe that, previous to this, a double membrane of extreme tenuity hu 
been formed, commencing its growth at tbenucleus (which iuelfiitdirided}, 
and extended to the margins of the cell, which is thus divided into twu 
nearly equal parts ; for, as soon as this infolding commences (pertiapc now 
accelerated by the admission of vrater), the line of division can be Men 
pragKSsing steadily inwards by the parting of this thin double membrane, 
80 that in tifteen or twenty minutes the fissure is complete. He haa, in MfJ 
large Pinnularia, witnessed the whole phenomenon, from its inception np 
to the final self-division. While the _fiiititre occurs in the short period of 
time he has named, to complete llie telf-diidtion requires about sis days. 

I» there Atle-iuilion of Oeuei-aHont m JVwj.",— Mr. M. C. Cook.'SL.i., 
believes that it is questionable wlieLher this phenomena occurs in fungi, W 
Professor (Krsted alleges. He thinlu it takes place in the same plant, an in 
the case of Bunt ; but he feeU great dilBcuIty in believing in this procHV, 
where the generations were passed in dilTerent plants, until conlinnedby 
other observers. If the spores of ^cidiam BerberidiH were talti^n from th» 
barberry and sown upon young wheat plant«, and all these plants bucame 
infected with com mildew IJ'umtiia ffi-amiiiu), to which wheat is but too 
prone, it certainly seemed premature to say that the spores of the ^dJimn 
earned the /Wcmia to be developed as a second generation ; whereas it 
much more probable that the germs of the mildew already lay dormant in 
the wheat, and, at most, the sowing and growing of (he .ifci'iAHm sporeaonlf 
stimulated the mildew to a more rapid development. 

Altrriiu/lhe A'ameo/a Boff-moir. — Dr. Itraithwuite is snlfiuentlycoiiMaen' 
tious in giving a new name to a species. In Ills last paper in the " SlantUy 
Misroscopical Journal," June, be givos the following observations on Ih'* 
Bubjecl. In Phasnogamic Botany, Entomology, and other depaKmcnbi nf 
natural hittory, the adoption of tbe first name by which a spades ba* b 
described (dating from the establishmeut of the binomial nomenclature by 
LiuniB us) ia considered imperative ; yet the synonymy of moBsea ia wohUy 
confused, for Iledwig and others gove a new specilic name as often aa ibey 
changed tbe genus — a rule not sanctioned by the best authoritiea. OtIi«> 
may object with greater reason that the brief discriptions of tlta olikr 
Bulhon are not audicieut to identify the species witli o'rtainty, yet it mual 
be remembered that the actual specimens of very many of them are li 
existence, and their examination by a competent authoiity in most casei 
settles tbe question. Prof. lindberg, wlio boa worked so iudefallKably al 
" is nnattnictive department of botanical literature, has shown, in his " Iter 
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Crit. Ic. Muse, Fl. Dan.,"* thiit this fpecipa is in the St. Petersburg- berbariom 
nsined tendlam in Elir}iBrt*s nn-n hnBdnriling ; thia, however, without 
description, might not be sUowed lo titjtnd, but the same epedei rewired 
the sBniB name iima Pen>oon, lu proved b; a spedmen from biiu. preserred 
in (jwnrtz's herbsrium ; and a descripUon is gJTen b_T Uridel in his " MdntisHB 
Muse" (1619), the letres indeed bein^ described m recurred at the point, 
which might perhaps refer In them in a drj stale. Bridel alto admits 
S. tnoHuKmni into the Bryol, Unir., but he only copied the desciiplion of 
Bruch (1626), without havinjc seen a specimen. Dr. Braithwaite, there- 
fore, has no hesitation in adopting the oxiine liret given to the species. 

7S< Brfothiag Fbrct of Lmret. — A good popular paper on this tubject ia 
that which ProC T. D. Biscoe read before the Troj Scientific Atwciatioii, 
and published in the "American Naturalist," March, 1872. IF, he says, the 
outer layer or akin be stripped fmoi the surface of the green -coloured pans 
of plants, and examined under n low power of ibe microscope, the Btonrntd, 
or brejithing pores, will appear as green specks in the otherwise colourWss 
membrane. Tbeir object in to open and close coromunicatjon between tbo 
intercellular space always erieting bet-ween the individual cells and the 
outer atmosphere. The sausage -shaped cells constituting the essenliBl part 
of the organ are called the pore cells. They have the power of separating 
from each other in the middle, thus openia;{ a free way fur the air to the 
interior tissues; or in certain conditions of light and moisture they approach 
each other so as to narrow or euiirely cloe« the slil between them. They 
are filled with protoplanm, chorophyl and starch granules, while nil other 
cells of the outer surface are tilled only with air and water. Apparently 
with the object of placing these pore cells ns free as possible from nil 
constraint or pressure, so that they ma.y correspond sensitively to all the 
changes in the atmosphere, tliey are at limes situated on a level with the 
epidermis cells, sometimes raised above, at others sunk beneath this level. 
If the epidermu cell-walls are thin and Hexible, the stomata will generally 
be found in the same surface with tlieni ; but when the epidermis walls are 
thick and siilf, the stomata will generally be found sunk deep under the 
aurfaCB, or raised nhovo it, or surrounded by a ring of aroaller cells with 
thinner walls than the remaining epidermis cells. Immediately under the 
stomata are empty spaces, of in-pgular form and varying size, called breath- 
infj-rocihia. They are in connection with, and fonn a part of the intercel- 
lular apace which rnmilies through the entire structure of most tissues. It 
ia an interesting question in what wnw the stomata have been formed. 
Were the pore cells at first a pair of ordinary cells, which have gradually 
changed their form and contents until endowed with all the peculiar pro- 
perties of their natural stale? Or were they always existent in their 
peculiarities, only smaller ns the leaf w*s younger Y I )r, have they grown 
out of a single cell by the process of siibdivisian and after-growth f Do 
the; belong to the epidermis, or to the chlorophyl-beariug tissues beneath F 



popniiAB anntcx bbtibv. 



CHEMISTRY. 

The Chtmknl Soeiety's Farailaij Lecture. — On Thureday, May 30, Pro- 
fessor Caimiixaro, of I'alenno, delivered the "Farftday Lecture " befon « 
Itage audience, includinif a numbeT of ladies. The Lecture Theatia of tlH 
iloyal Institution had been kindly lent to the Chemical Society for itil 
purpose, and the learned Professor's discourse was entitled " ConudfinliaH 
Bur quelques I'oiiits de rEoacignenient Tb^orique de la Cheroie." On lb( 
following Friday a dinner was given to the Profsasor, at which about 150 
were present, including the Italian Rmbassador and the liight Hon. tli« 
Chancellor of the Exchequer. We think it is a pily that sooie BrrangemBBl 
is not tnade by which the lecturer could uddrese his audience in Kngliali, 
for we are certain that very few of them apprehend French sufficiently w«!l 
to take in oven the substance of the lecture. 

Chimical AnalysU of Ihx Metforic Sain in 5ici7y »/ 3far<h P, 10, and II, 
— M. 0. Silvestri has an iniportaot memoir on this subject in the " Comptei 
Hendus," April 0, 1873. This memoir contains the results of the r««««rcba 
made on rain-water along with which fell a kind of sand; the 'wat«r, baviii; 
be^n filtered, was found to be colourless and free from smell, but eThibitid 
nsaliue taste; it was neutral to teat-paper; hardueas, 17-6 degrees (ordinuy 
min-waler, 1 degree). By lon(r-continued boiling:, it gave off 10} cc. ef 
gas, conaisting of; nitrogen, 83050 per cent. ; oxygen, 1.1'070; CO„ 2-971. 
On being evnporal'jd to dryness, this water was found to contwn, in 1,000 
parts: bicarbonntes of litne, OlSV; of magnesia, O-OSSj nf iron, tramt; 
tulphate of lime, 0041 ; chlonde of potassium, traces ; sulphate of ia6t, 
OOOO; chloride of sodium, trace ; organic matter, 0-0t!3. The aand, tmt 
finely pulverised and dust-like, has a «p, gr. — 2'52.58, and cimlains, in 100 
parts: clay, 75'08: carbonate of lime, 11-65; organic matter, 1310. 

Dr. lloffnunm im PAusjihuretied Htjdrugah — On Dr. Ilol^iiann'!! recent 
visit to this country, he went to the i'hemical Society as a matter of cmuwb 
On April 18 he there ex peri meu tally exhibited the fomialiMi of plK»' 
phuretted hydrogen by the action nf water on iodide of phosplioniutn, and 
the decomposition of indide of ethyl -pbosphoni urn by water, liberating tht 
ethyl-phosphine, EilIN, which has the characteTistic odour uf the pbc^ 
phorus bases. He also explained Baeyer's method of prppfirin;.* Iiidlda of 
phosphonium on the Inrge pcale by tlie action of water on iudide of [Aa»- 
phorus, stating that it was necessary to employ a large excess of phoapbonu^ 
three or four times the theoretintl, since much of it is converted into tlis 
amotplioiis state, and thereby rendered innctJTe. 

CUaridenf Sodium in Lirhiff'a ErtracI nf ,V™(.— In the "Aiundea 4M 
Cbimie" for May, UAron Justus von Liehig has written n paper wilb Uu 
view to refute the allegation made by a Dr. Godefrny, who appears to have 
published, in an Auslrinn scientific paper, a statemoni to the clfect that 
Liabig'a extract of meat nhoulj contain 3 per cent, of chlnri.io of sodium, 
•ly aiiiled as a fraud. The author refer* Dr. Oodefroy to Lis (larfrif^s) 
^published in the "Aunalen" twenty veora ago, "On ilie CoantitUMta 
I Fluids conlaiaed ii 
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Deiermiiitiiff Carbiaiic Acid in Sra-waliT. — Professor Himlj, «t the moetiog 
of the Chemical Society, April 18, after pointing out the diilicultieB which 
beset the determination of cdrbooic acid in Bea-water — Jacobsen having 
shown that the whole of tlie pa preiicnt is not pven off by boiling, either 
til raeuo or under the ordinary pressure at 100°, even when a current of ur 
is passed through the liqoid — said, however, that the whole of the carbonic 
acid could be resdily estimated by adding baryta water or barium aitrate, 
ammontum nitrite, and ammonia, to a measured quantity of the sea-water, 
thus obt«iiiin|r the whole of the carbonic acid in the precipitate. Afler the 
supernatant liquid had been removed, the carbonic acid might be estimated 
in the predpilate. In order to collect Bea-water for the determination of 
the carbonic acid at great depths, and consequently under great pressure*, 
it was necessary to fdnk a cylinder open at both ends to the place where the 
water was to be collected, and then U) securely close it there. The apparatus 
for that purpose, closed by Talves, had been found to be very defective ; but 
lie had employed one which answered admirably, consisting of a cylinder 
furnished with a large stop-cock at ench end. When thiscylinder had been 
suck to the required depth, the stopcocks were closed by powerful springs 
released at the proper moment by means nf an electro-mngnet sot in action 
in ihe'uflual way. (See nisn " Chemical News.") 

A Xew Orffimi'e ISgment has been oblnined from a spot above the eyes 
of the moor-cock. It ia called Tetronert/tlirin, and has been described hj 
Dr. Wurm in " l\ijigendorli"B Aunalen." It seems ["Chemical News"] 
that a statement was made in the " Wiener Jagdzeitung " to the effect that 
the red warty spot met with above the eyes of the mountain-cock and moor- 
cock {Telrno teirir), when rubbed with a white handkerchief, imparted 
thereto a beautiful red colour. The author was inclined to disbelieve this, 
and accordingly made some microscopical and microchemical researches on 
this subject, the result being that he discovered a pigment which he terms 
Tetronerythrin (from TftToaa and erythroa, mountain -cock red). A very small 
quantity of this pigment, which is soluble in chloroform, was sent by the 
author to Dr. J. von Liebig-, who states that it is a peculiar substance which 
bos nothing in common with the colouring matter of the blood : it is soluble 
in ether and sulphide of carbon, not soluble in cold caustic alkaline solutions, 
and soluble in hot nitric acid, but decomposed simultaneously, leaving a 
waxy residue. 

Hole to Siiow Fniit-trbie from Grap^mne. — According to Dr. F. Vor- 
werk [" Keues Jahrbuch fiir I'bormat-ie ''], the phosphoric acid present in 
gtmnine grape-wine b combined with magnesia, while in fruit-wines it is 
present in combination with lime. Tbe simple addition, therefore, of am- 
monia (1 port to purls of wine), will produce in genuine wine, after twelve 
hours" stnnding, the well-known prccipilatu of aramonio-pbosphale of mag- 

J r. LetlKhy and Dr. Frmihhmd on W-aler-analyiii. — Tbe editor nf tba 
"Chemical News" has quite rucenily given a lending article on this im- 
portant subject. Referring to the controversy which has come up upon the 
matter, he states tliat if it had arisen in France there would have been « j 
commission of the .\cademy to report dd it. In this country we manage 
things differently, and resolve questions of this deecriptiou after our own 
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fashion, and we Iiavo to collect tbe tesltmoiiy of com[vete[it acieniiGe mt 
■who live Olid work in iaolalion. Mr. Wny, wiio was formorlj on the SiietJ 
Comniis^oD, liu publighed his jud^eot un thia question in n rajiort on iht 
BQaljsis of a sample of water. It ia to the eff^^ct tbat he iis«s and hu eco- 
fidenco in the riral proceaa of Wacklyn and his colledgties, which, it it 
admitted, gives results in nppodlion to Ur. Fnuililand's, Ur. Angva Smitli. 
who, M our readers posaibly know, has been for some lime engi^ed in a T«rf 
important inTestigation of tbe o^iuiic matter exi»tio|; in the almosphertr, hu 
also given in his adhesion to tbe other proces*, which he employs in bii »■ 
searches. Tbe late Dr. Vi'. A. Miller rejected Dr. Frankiand's prac«w inil 
employed Mr. WanUljn'a in his later iuveatigxitioos, undertaken for lie 
medical department of the Privy Council. Dr. Voelckei, chemist to lh« 
Koyal Agricultural Society, rejects Dr. Fmnklnnd's process and adopts lii* 
other. Dr. l^theby has often eKpreasi^d a like opinion. Indeed, san iba 
initer in conclusion, we scarcely know a siujile chemist of rcputatioo wh* 
apprOTea of Dr. Frankiand's water- analyms 1 I 

The aiiaied AlkrdinUy of Car-bmiOt of iimp.— Mr. Williftm Skey, tt> 
vemment Analyst, New Zealnnd, t'e-n^erts tbe alkalinity of the above. Br 
says, in a paper of his which sppeared in the second volume of tbo "Tnw- 
actions of the Wellington Philosophical Society, that he asserted the iSti- 
linity of carbonate of lime, but tbe correctness of this assertion havinjf beaa 
disputed by Mr. Charles R. C. Tichhome, F.C.8., M.R.I.A., &c., of tke 
Laboratory of tbe Apotbecniiua' Hall, Ireland, in a communication to tin 
editor of the " Chemical News " (vol. xxii. p. l&O), be bas re-inve«ligat«d 
this subject and extended bis researches upon it, by which ho bas anjtcd 
M results corroborative of the correctness of bis statement, and which show, 
besides, that a large number of salts hitherto maintained to he neotisl, or 
respecting which nothing has been affirmed, are in reality alkaline. This b 
important, for it may be regarded as conclusive so far as Mr. Skey's !*• 
searcboa are concerned. — Vide '' Chemical News," March 98, 

The new HydrocarboH : Abietate. — Mr. W. Wendell, who ivrites in Ui» 
"American Journal of Pharmacy," March, 1872, says that this hydrocnrbaD 
is the product of distillation of tJie terebiuthinate (exudation of a coniferau* 
tree indigenous Xa Califomin, viz., the Kntu tnbininiia, a tree met with in 
the dry sides of tbe foot-bilb of tbe Sierra Nevada mountains, and Ioa*IlT 
known as tbe nut-pine or digger pine, owing to the edibli» quality of la 
&uit. A gum resin, or rather balsam, is obtained from this tree hy iniHfiiyt 
made in its wood, and the balsam submitted tn distillation almost isi* 
mediately a(W having been collected, owing to the great rolatility of ths 
livdrocarbon (or essential oil, because ahietene realty stands in llie mm» 
relntton to the balsam alluded to as dl of turpentine i^nda to tha exuda- 
tion derived from other Pinui spades). The crude oil, as usually met with 
for sale at San Francisco, is a colcurless limpid fluid, requiring only to bt 
redistilled to obtain it quite pure. Tbe commercial artiL-le ia tised niulsr , 
dilT^rent names — nbistine, erasine, Ibeolioe, &c. — for tbe removal of grUM 
and paint from clothing and woven fabrics, and likewise as an efficient 
Buhstituto for petroleum- benzine. The ultimate compoMtiou of abiet«ne i< 
not stated, but the author points cut at some length the dUFereiacea exisliag' 
between abielene and tfirebene (oil of turpentine). 
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InjUnmct of Pmrnftrt m producing Chemical Change. — An important paper 
on this flnbject has be«n nad before the Chemical Society, May, IG, hj 
Mr. H. T. BrovTi. In bis inTestigation the author found that during the 
alcoholic fermentation of crape juice or malt irorti besides carbonic 
anhydride, that zxxsr'Vtn^ hydrogen, a hydrocarbon of the paraffin group, and 
sometimes nitric cxiie, are erolved : moreover, the proportion of the gases 
unabsorbed by {K'tassuzi hy>ira:e is largely increased when the operation is 
carried on under d:=iri«ird pres.«ure. At the ordinary pressure by far the 
larger propordoa cf iJ:*w ga^es is nitrogen (70 to 90 per cent), but under 
diminished pressir», -t'O to 4oC* m.m.. the hy<Irogen preponderates (60 to 90 
per cent ». Nia-^rra, L:'ir*TrT. do** not occur when the solutions contain no 
albumenoids; even if a=j=:ni'im «alu are present in considerable quantity. 
The increase of ih* xinoi^rd-.n of hv.i?ocen, resultincr from diminution of 
the presnK, is acoompaz.i'ri by formation of a comparatively Lwe amount 
of acetic ac:d an i aliehyde. =•: :2:a: i: ^ould seem thic water is drcompoeed 
during the al:-ch:l;c frrmentid in. and that this rw -I: i* faciliutei by the 
diminution cf tie prt-^^iT*. T-r pre^eace of citric cxii-? in th*? evolved 
gases was f;usi t.^ \/= i^i-r i: rl-r rri:L:r:i:n of citrA:** criminally prr**:n: i::^ 
the s-Dlau:nj. 

Fearf^d Adm£eratio9k of W^it^^rj i% Ireuukd. — At a recent m^etisz rf ti* 
Chemico-AsTic^ItJiral Scci^rr iz }'^'.U,<. un-irr :i* zT^iirzcr .: In Kn.x. 
late Poor Law In.»z«=i^ r. tli-* *---." -Ti.t '.f iri-.i.iiT ti .Itrra:: ;& w».» r.?-../!: 

• 4 « 

under o-nsidera:: .c tv D*. ?:■«;.-*?». J': f->w.-- :.-. O ;*»Tn'-. '.' .'.>-•». fJrrI:.s.rr, 
who exhibited a r:«*i::ii*n :f rii-i^ ..-. .:i r.r. —i: v- >.I- -.t -.*:, i-.^n ■»! ^ 
had been pbva.-allT izaoa.iiuv'i r.-r 'irl.-.jiij' t. i::jL'. >.r::.n-.f ;: in * 
public-hous*". Ifr f-.-n.:. .n ti.ili * *. Vm-* ■" vr.'u.;.-..*!: % Jirj-* jii-v.-: -.f 
naphtha. Il-r hii i.v. ii.^: t-*?*: i'.xz .jij-r^-.l.-v-* -/ ^--ri i .v, •.?-■: i^>v- 
nous chara.r:.-7 -ttt* -»*ii ji v.^ 7,::r».4 .!? t'. ..•>r'.*v." r. — -.-..:•►.•»» r.r.r;^;-- 
ini? sulphat-r • : '.-.': z-r? • \'r..' r r.- rn - *-::t»- >•: *-?. » .!^, ■. : .- *. i.-. : ■ >r. ,. 
and a littir: niri".* ■: t-.-*. 'n,* r:»*?r. .'.:■»'.•. *"..•.;.*.. •.*>■: ". -"/.•..-:''.</*<•.-» * 
number of ir.T-V-.c -v :•"*?• ir:.: •.■:.**••» x^.* -•.•:•. v.-h*': -. ' -.i*. -. -ia i.-..i x, 
slijrht o^I'^irlnj" :: tI^. r- 7.:.* .v.i^r: '^• i'. ■..*»: ,.v. v •>»'■: » :v-*.. ■.;.»•.*- "y .'' 
it were a?rr.rii "»">.- ^*r.i-. l» •■v.-^v.'iw v.: "..* ^..i .'.-• y'j.^"*. xm i 
fair !«pec£nTi. ■: f t :* '.r.'.is " . <I : j-. -r . ■» ■ -n*. ^ • ■. v ,\ ^ *.. ,« ■.:'.*.* 7 •. ■ » - .n.-^ . '. 
this L ox: ■-'■-.* "r.n:"'. : -I : -' vi.- *»='. ••: v .: i-. v- ■ • •...-•/■a. *.;*.:•.''..■• ..-. 
Belfast IT :n v.rt .'•,-,-:. v.* •'' '...■.■■■ •a.- -. / .. .■.:.t-<>"^-» r . 

into the E:ir_tii -i.:::!'..-"- . - ?.«isr' -.,»;'. \»- .'.- '* u'.*f:»»- ".• :i .i.» .^w- 

to the tiMJ'.H- m>'. .:. "v-— iiwi> .n* ■•!^.. • -f' ■»'i-.'r ;•/ . ..■ * •:■/ "in 
The auth<'.7 •■.i.'r^ .wn n ',■■-■ -:■■■ *n.' "^-r .'^ ■■•' '■.••■ n/ i» -' -'"'^ « 

now eXteTL*!"* • *" t:.*. v-n**.*!.':,..'- i-n.-i. . vr »^ -.-flrt-V rt'.i. •*.-''.-• ■ vl. .'. jTv 

litres (o-i jn.li i.* ■'' tiI**" *- ..» ^^ .-•■ .f»n.' « «i-. i^-wr r i..-"^ ii-:-^ !>»-.•:•. 
added &j t:i^-* ii/i'. .:.■> .•-.-/■•''*" --"-t ,*.i .-.:r^/r.!".i j / ii-i-.-j', wii>ii/.7iiA out 

one apO^'-C :' L 1 ■.*' ■•^r-'- . ; . ■■' , . • r* ■ - "• ■ '-» -'.-:.■• I » i u '-< tv. « i ./».- r* './.rU .'.-t ew t'itb^* 
by Cr.^anil ".f V.V.::./ I.-- .-.m^-w*- dJ. •.i.-- ?....!-;» r-.i « »nii;«il iitfCf^ 
brooc 7!ie .i:i*'.';. »v. - 1-t. ,- • li?. Lj^ 1/m.uC «w* n^tesfd, 3»ff tUffft 
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boara, care being- taken to cover the wwhing-tub iritb ■ claseW-GtlUl 
woodeo lid ; bj tbia means the lioen ia rekdily cleuwed, reqnina hardltn 
nibbing, and Ibm briubuifr, and tli«re is a WFiDg abo of timn and AnL 
Ammonia does not affect the lineo nor woollen gooda, and i» Inryeiy ateiu 
waahin^-liquoT in the North of Knglaad, of coune along with much « 
a* above indicated. 



GEOLOGY AXD PALAEONTOLOGY. 

Foiuil T'l/rUej.—At the meeting of the American Philosnphical Sod*^ 
March I, 1872, Professor ('ope read a paper "On Froloit«ga," a g«nul < 
extinct Tcstudinutn. A detailed ihccoimt of the oeteolofrf of I', ffiyu baa lb 
erotaceoiis beds was (pveD, by nhlch it appeared thai the genua had aepani 
ribs, as in Splmrgit, and that the canpace iras formod by tiuye radiatiaf 
plates of b(.ne in the skin. Two other species were described— '" 
and P. nrplmius. The latter, the largiat known marine turtle, from Xe« 
Jersey ; the former, from the cietaceoua of Mii«issippt, hod been ivfemd b; 
Leidy to the Mosasauroidit. 

Mr. Waterhoiue Ili'ickini' ejforte in Nrte Turk bsvc, we rejrret to I»ai». 
tmen completelj overthrown by an ignorant mannfrfr of the Central VtA 
Muieum. In answer to on inquiry mode of him, Mr. Hawkins »;■ tbst 
all hu had done during twenty-one montha to restore the Bkeletoni 
of the extinct animals nf America (nf the Hadioanurus, and tbe utbu 
gigantic nnimni, which wm tbirty-nine feet long), was destroyed by onler 
Mr. Henry Hilton, on May -1, witb eledge-bammer, and carted aw ay toM'iuDl 
St. Vincent, wbere the remains were buried several feet Iwlow the snrfset. 
Tbe preimratory sketches of oth«r nniDisIs, including a nianiuiolh and s 
mnnmiotli and a maatodnn, and the moulds and sketch -niixicls, went de- 
stroyed. Mr. Hilton did this, said Mr. Hawkins, out of ignorance, just M 
bB bad n cont of white paint put on the skelpton of a whale which Mt- 
Pet«r Cooper bad preseuled to tbe Museum, and jiut as lie bad a hnnua 
statue painted white. Mr. Hilton told the celebrated naturalist wbo had 
come from England to undertake the work that be should not bother 
self with " dead animals;" that there was plenty to do among the Uiiog. 
This illustrates tbe policy of having auch men as Hilton at tbe bead at o 
of tbe most important deporlments of tbe City government. When tb* 
akeletona wore dug up again, by order of Colonel Stebbins, they wero ft 
broken in thousands of pieces. Prof. Ilenty, o( the ScnithsoiiiAn Inatjln* 
tioa, when ho hcardofthispiecei>f barbarism, wuuldnotbelieveit. "Whff" 
he exclaimed, '' I would hare pnid them a good price for it." Hr. Hjltoo, 
however, prercrred to destroy the work of the nntumlist, which bad C0« thi 
city at least 12,000 dollar*. 

FUnf Arroin-hmdi Wa beg to recommend our readers to an excellaBt 

article on iheae weapons, which tippears in the " Amvrican Nalunlist" for 
April. It is certainly the ableat paper on thia subject that we li 
and it Is abundantly Uluitratcd. 

A'ew Specwi of Crrtncnmii StrtU, — A very able paper on ibi 
appenra in ■' Siltinian's Anniican Journal " for Slay, by Mr. O. C. UtfA. 
The few remains of birds hitherto described from the creUcooiu d< 




thst countrr, a]thoagii of nimch istenrt, all j 
■nmll gpeciee, sod beloDgvd, 4pp«iciiUT. to lanii 
tuDBt«, therefore, tb&t the eiUtenfe af n fbeml M 
M the one (Segperomu regalii) ihal forma tb 
«cription, Bbould first be mule knosn fa^ tlut 
parts of & skeleton M to afibtd ample mocerial 
KfGniueB. ThU iateresticig' discorer; bu alrea^ 
mRn'a Jotinwl," and tbe D&me, Herpgrontia nyid 
for the epeciee thus represented. The pnusic m 
description, with illustrationa, now in emnaa o 
cpeciea briefij deecriWd in this article are lilBwiw of 
some new fomis to the limited atiuk buna hoi 
ceoua beds of the Atlantic coast. 

Change* of Climate dartK-j iSt aiaaal Ptn^—W% t 
Cieikie has communicated his seTCnth and hat fapor ob I 
'' Geological Magazine " for Jane. The Mnas mm at 
though of course it is utterly im| 
Beveral papers it includes. IIoweTer, fcr i 
ence, we gire the following, which m ifca- lariu < 
portiooa of Mr. Geikie'i paper "On Changes of 
Epoch." 

Firet Paper: "GeoL Mag." toL rffl. Dm. 1«71. p. SK 

I Second „ >. » n a-ima. ISJ^P-SS- 

Third „ „ „ „ „ Fch. , p.«I. 

Fourth „ „ n H » Mhc^ « r- 106l 

^fUi „ ,, „ « n Afril „ p. IM. 

Sixth „ » „ H n )('r n ^315l 

Seventh „ ,, w n n i™" „ t- 2^ 

The lad Erupfion of Vrttiriiu.—We mei«I j record the (act hm that tban 
haa been a severe eruption unce our last iMiie. Mr. G. Ponlett Scrape hw 
pren an account of the eruption in the •' Oeologiatl Maguine " for Jm^ 
However, until Professor Palntieri gives <a» bU vernoo of the tab, no other 
can have any very great value. ' It is not a little amusing to note, as ia dooe 
by Mr. Scrope, F.R.S., how the peasantry have conodened the ProfaMOl'a 
bravery; — "Signor Palmieri, who watched throughout with creditable eOB- 
Btascy the progress of the eruption, &om bis ob»ervatory on the CroeeUe, 
appears by so doing to hare gained » character for almost superhuman 
heroism among the frightened population of Naples and its environs. The 
philosopher must have been much amused at the fervour of his extravagant 
sdmirers, who mised him almost to the level of their adored St Jaouaritu; 
knowing as be well did, of course, the very small amount of danger that ha 
incurred while be remained at his post, under a substantial roof, above the 
possible reach of any lava-stream, in a building founded on a portion of old 
Somma, which has certainly never been seriously disturbed for the last 
1.^00 years. He, better than any one, Itnows that the phenomena of the 
late eruption were by no moans so eiceptionnl aa our t^ 
ipondenta would persuade us, but of the orilimiry type of ol 
ixysms, such as the mountun has eiLilni' ■! ■ liii;!- 
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the lut hundred years. That, indeed, is the judgmeDt li« U mai to hm 
poweduptm it. 

Eocene Ihsml Wood. — Thia subject receives the utteation of PraftNX 
T. Dyer, and, aa u customary nith Mr. Pyer's laboun, it has been gone ' 
fully and enhaustively. lie erplaina fully the nEture of ao-olled tjim, 
a subject upon vbich we have not been very clear before. He eays tilt 
many instances of tylose are now known nmongst recent plants, and ban 
teen repeatedly made the subject of investigaljon by forei^ writen. 
pigbi, indeed, in his " Aoatouie Flantarum," givee a xay fair reprevntatiia 
of thoni in the oak, reniarkinfc, " fistultc frequenter pulnuMaret qoaat rmC 
Irachearum Bubatantin excitalaa continent." Without guin^ into tlie liun- 
ture of tbe subject, which is considerable, It is suffideot to state ifial tis 
investipations of an anonymous writer in the " Botan. Zeit." for Idtoy «l- 
firmed by Mohl and Rees* (" Dot. ZeiL" 1808), appeiw to leave lilU« dooll 
that the " Thyllen,'' us tbe first- mentioned writer named them, ore bctnioil 
protrusions into the reseel from adjacent cells. Id the wards of BcMi, 
''each young thylle makes its appcaranee ns a bulf^ng of a wood-parcodiy- 
matoua or medullary-ray cell forced through a pore in the reMelr." liit 
process would be inconceivable in the case of tbe prtMeuchymalooa aUt; 
but parenchymatous cells, which surround the ducts, and those which Ibrm 
the medulluy rsya, do not undergo the same amount of apeedy iadutaliA. 
S/imvpu* UnipafeTtaiiew Ciir£<mi/er<»M J^a/rnc/iiai, has been just deaeriUd 
by Dr. J. W. Duwion, F,R,S., of Montreal. Ho state* that the pnncipd 
specimens ore several large slafaa of browotib eandatone, bearing aeriofof 
footprints in relief. Of the largest nod most distinct series 40 to fiO fbnt- 
prints have been preserved, and. are arranged in two rows, aboat 5J tat 
apart. They weri! probably produced by a Inrg'e Labyrmthodont BatracliliE 
walking on a muddy shore, near tbe edge of the water, and are not nty 
dissimilar from those described by Sir C. Lyell as found by Dr. King in tfc* 
carboniferoua beds of Pennsylvania. They also closely resumble, in aiii aftl 
form, tbe footprints found by Mr. R. Brown, F.G.S., in the c«al-BeU «( J 
Sydney, Cape Breton, and described by Dr. Dawson in the second edilioiiiif I 
" Acadian Geolngy," p. SS8, under the name of Sauri^u Sj/dtundt, Md fiSl I 
more closely those found by Mr. Jones, F.L.S., at Parrsborvngh, K^ I 
and noticed in the same work. With these they may, in the meantiva, b ' 
included in tbe provisional genua Sauri^m*. 
Tbe dimensions of the footprints are as follows: — 

Hind foot, breadth S'7l indica. 

„ „ length 4-2t „ 

Fore foot, breadth 2 63 „ 

„ „ length 3-77 „ 

Length of stride ll'fiS „ 

Average di*taoco between the rows of fuolprinla 
made by rigbt and left feet .... 6<48 „ 

These nieaiurements conwpond very nearly with those of hia S a m n fm t 
Syihfftfit above leferred to. He has giren it the name of S. mfm/ir. 

Fattil I'lant*/ram Qaeeiuland, — In the course of the discussion at ■ ncMtt 
meeting! '' "■- Geological Society, iip'ni a paper by Mr. R. Daiotn«, lb- 
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Canutbers stated llut he had examiaed the vegetable remuDS hmngUt om 
bj the author, which wen of gi«8t importADCe. Soma of thoM fi«m the 
Devouian rocks appeared to be identicfU with species found in North 
Ameriui. From the rpmaini of ooe of tbRse, which be could not sepaiMo 
from one described by Dr. DawgoD, Lepfaphlama rhonAkum, he had been 
able to recoiutnict it in its entiietT, of nbicb he exhibited • drawing. The 
pliuit was Ijcopodiaceous, and il^ remains served to show thst erroneoua 
coDclusiuns had beeu drawn la to the characters presented by the North 
American apecimeos, which bad been tesnided t^ having a ^Itcrniffr^i-pitb. 
There were spedinene abo of Cgdodiffina, of the stipes of ferns, and of a 
doubtful calamite. With regard to the supposed GlauopUri*- and Tieiu- 
ofiferu^pocbs, which bj some had been regarded the one as Palnozuic and 
the other as Alesoioic, be was not convinced that thev could he distiuctlj 
separated, but thought rather that Ibej might both htlong to dilfercnt por- 
tions of one great period. .Sye1eniatic»l) v the two forms might be very 
closely related, Uie venation of the fronds on which the genera are founded 
occurring in two forms, which by Linnaeus hod been included in one genus, 
Acroilichum. lie thought that neither was of a date earlier than Permian. 

Death of Dr. Au^iaU Kraiilz. — We regret to announce the death of this 
distingtushed collector of rocks, fosuls, and minerals, which took place at 
Berlin on the 6th of April last. The "Geological Magazine" sajs of him that 
be represents one of the longest oBtabliebed nnd most able members of that 
rare class, a scientific merchant in rocks, fossils, and minerals — one, who not 
only knew accurately tba commerdsil value of his collections, but was in- 
timately acqujunted with the scientific worth of every specimen which 
passed through his hands. Indeed, there are few museums which have not 
been enriched from hia cosmopolitan repository, fie leavas an immense and 
valuable collection both of minerals and fosiuls, the result of the labours of a 
long life devoted to these pursuits. Dr. Krsntz wba in hia sixty-second year. 
We'believe it is the intention of Madame Krantz to carry on her husband's 
business, with which she is well acquuuted. 

Ammmt of Coal in Auilrin and Hungary. — A very valuable and trust- 
worthy report is that of Ilerr F. Foeterle, which boa been recently published. 
It is accompanied by a large map, a glance at which will convince every one 
of the scanty distribution of coni over the enormous surface of the .\ustio- 
nungnrinn dominions, and that most of it belongs to the western and the 
central districtfl. a. True t'oal-tneamrea Coal is found in Bohemia, in 
Moravia, and Austrian Silesia, in the Alps and in the Hungarian dominions. 
b. Triat and Lian Coal in the Alps, in Hungary and in the Bonst, c. Cre~ 
tnceout Coal in Moravia, in the Alps, and in Hungary, d. Eocene Coal 
(sometimes still showing the structure of the wood, then called Lignite, but 
generally a good black coal, which, when burnt, cakes, and is excellent for 
gas manufacture) is chiefly found in the Alps, where it is embedded in 
Cosinn beds, below the Nummulite Limestone ; Carpano near Albona, the 
large coal-hoain of the Marburg district, Sotzka, Eibiswald. The cool of 
Haring, in Tyrol, belongs to a higher horizon of the Eocene, as does also the 
coal of Monte Promina and of Sobenico in Dalmatia. The cool of Oran, in 
Hungary, ia also of Eocene age. e. Neogene Coal forms large basins in 
iria, Bohemia, Galicia, Bucovina, and in the north and south zones of 



^^V«' 



md 



the Alps uid in Hungary. A glance nt the itccnm}iui;inj; map nf tit* At- 
tribution of foml fuel in Aiistriik sbotre at once how inaigiiifiMDt is ttt 
extent of her coal-bnsias in compsmon with the coal-fijnuatjoas of Suf- 
land, North America, or even Prusais. 



£ngl[uid has .... 
North America 
Province of Silena in PruMiB 
Austria (as near aa poadble) . 



8,000 aquare milta o( et 



1,300 



The irhole produce of coal of all formations in Auatria and llongai; 
amounted during 1868, in rouhd figures, to (5,300,000 tona. 

nanerofthntron and tVonwiiiM.— Professor Traqualr, M.D., writca to lb» 
" Geolofrieal Magazine " to nay ha has now eatisractorily determined that bii 
foaail fish Fhaaeroplmron elegant is identical with the Uroaemu* UAutat of 
Agassiz. Uf course it is well that Professor Tniquur has made this dit- 
covery, but it would hare been better had he taken more time at fint ta 
inquire into the facts of the case ere he gare a new name to the fish. 



MECHANICAL SCIEN'CE. 

I'apfT Armimr, — Colonel MuT&tori, at present in this country, iiaa bMa 
endeavouring to introduce paper as a material for resislin|f buUela, and eiffi 
pnjectik'B of greatei weight A cuirass which he has invented, made of 
this material, and weighing no more than the ordinary metiil cuinwi, is said 
to posEBSS a much greater power of resistance. Experiments on this material 
were made at Chalons in 1808, under Ihe direction of the late Empenn of 
the Ercnuh. The war stopped the experiments, and Colonel Muratori is now 
seeking to hare them resumed in this country. 

Torptdo WaTfare.—^T. C. W. Merrifield. F.It.5., has suggested, at the 
Institute of Naval Architects, that structural means of rodtiting torpcda 
attacks should be profided in arwour-plated vessels. Of possible mcMia of 
meeting torpedoes, he thinks that a rope or wire netting outriggcd al » 
distance of U or 8 ft. from the ship's skiu would affurd the best pratectioa 
in cases where a line uf torpedoes is known to exist. Hut such a nettinif 
offers BO great an impediment to speed, thai it would bo imptacticabia to 
employ it when the object is to crui»e at a risk of meeting torp»doM. 
Hence be is led to suggest the following device as belter than annoni- 
plating the tJiip's bottom. Let the ship have three skins, each divided iatD 
cellular spaces of moderate site, the middle skin leprescnling what is now 
the outer skin of ordinary double-plated ships. Each cell between tlw 
middle and inner skin to have nn airtight manhole by which acoeai can b* 
gained to it from the interior of the ship, and a stopcock and union «atlar b 
its upper corner. The space between the middle and outer skins is also to 
be divided into Cells by frames breaking joint with those bcEwnen tka 
middle and inner skins. Water is to he freely admitted to the culls betWMn 
the middle and outer skins, so that in fact the bottom uf th« abip woold 
have a kind of water<asing suTToiuidiDg the middle akin. The miildlo Aia 
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18 to be delibetatflly weakened near tlie bottom of each inaer cell. Whenft 
torpedo explodes Bgainat the outer akin, it ia expected thst tbe Bbock will 
break through tbe middle skin nt ita wwtk poiota. Then the outer ekin will 
be driveu in, forcing' the watur ioto the cells between tbe middle and inner 
skins against the cushion of air conlaiued in them. The work so expended 
will, itia hoped, anve the inner skin froui injury, eioept with verj powerful 
torpedoes. After the explosion tbe tcaer cells raaj be cleared of water by 
altaubiag hose to the union joints aad forcing in air. Nothing' but actual 
e:(perimeot can decide on the tbIub of such a plaii, but it is believed to be 
the first suggestion yet made for proriding structural means of re^tiog 
torpedo attack. 

A'tup TecbiicalJoUTiuil. — Mr. E. J. Reed, C.B., the late Chief Constructor 
of the Navy, has started a new quarter); magaiioe denling with subjects 
relating to naval architecture and ninriiie engineering, which bids fair to 
render very great aervice, not only to tbose professionally engaged in the 
construction of ships and engines, but to tbe DiLich larger circle of readers 
requiring inforinaliou on such subjects of a reliable character. The articles 
in the first number of the new msgazine are many of them by writers of 
eminent experience and knowledge, and range over a field including both 
special technical subjects, and others of more genernl interest. The articlirs 
on the stability of ironclads, tbe structure of iron shijw, and tbe etowafie of 
merchant ships, are of the former character. Tboee on the proposed Ntrval 
University, on naval tactics, and on tbe ncceasily of fonning a naval stafT, 
with the very severe review of the criticisms on the navy contained in Mr. 
Hawksley's presidental oddreas, at the Jtiatitute of Civil Engineers, will be 
of interest to a very wide circle of renders. 

Ji.M.S. Thunderer. — This powerful ironclad, s sister vessel to the 
Detamtatioa, has recently been launched at Cbnthani. She ia one of the 
msstlesa ironclads designed by Mr. Reed in laU9. The armour generally is 
It! in. thick, but 14 in. in tbe neighbourhood uf tbe port'hoks. On the 
Bides of the breastwork, in parla where a shot penetrating would do no 
harm to the mnchinery of the turrets, the armour is reduced to 10 Ins., nnd 
it is also reduced to 10 ins. in the lower stroke on the sides of the hull. 
The vessel lins a sharp spur for ramming, and is short and handy. She ia 
driven by engines guaranteed to give 5,(100 indicated horses power, and will 
be armed with four S6-ton guna. 

Wind Jh-esaire on Inclined Planet. — Mr. Wonham and Mr, Browning 
have carried out eomo new experiniunta with a very delicate instrument on 
the pressure of a current of air on inclined planes. The reaulta have beoit 
commuaicated to the ^ronautical Society, and will be of interest not only 
to those who are studying tbe mechnnisni of flight, but alto to engineers 
who have often to calculate the effect of wind pressure on ibeir alruclurea. 

The WeiUnffhoute Air-break.— This ia a form of continuoua break, or 
break applicable simultaneously to nil tbe carriages of a railway tnun, whicli 
baa been in use for about three }ears in America, end is now being tried ia 
this country. An air-compressiug pump ia fixed on the liiconiotive engine, 
delivering the air into a reservoir under the foot-plate. The speed of the 
pumpisself-adjuating, the valves being so set that it just keeps moving 
Bgunet the full pre.tHure in the reservoir, and when the pressure in tha 
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reserroir falU it immediiitelf accelenlna in speed. Daplinle Unea of { b. 
itna ^-piping eitend beneath tli« train, with iagentoiu indiaii rubbn eon* 
uectioss belwMn the ctiniegva. The bre&kv can be worked bj teodiag tin 
BJr through either line of pipes, so that if one fnib the aUter mnuni 
serviceable, sod further with two lines of pipe« the carriagea maj be tanti 
end for end, if neceiMry. The pipes not being in the cuntre line of tlie 
carriage, this conld not b« effetrted unlea* two STmmetrical lines of pipili| 
were provided. The brenks are actuated bj the air preming oa ■ piston 
in an air cylinder placed under each carrisge, ITence the breoln can b» 
iaatantlj put in action bv f uniiag a cock and admitting nil (rnm the ai^ 
resert'oir to the piping. The pressure of air in the reservoir is W to 7<3 Rn. 
per aquare inch, but it is usually regulated not to eic«ed 10 ixx .% lbs. in 
the air-crlindera. The detail.i of thla break, which are most iogeaioiu and 
most carefully worked out, cnnnot be nnderstood without drawtnifs, and fm 
these we must ref^r the render to " Engineering " for May 34, whera ih* 
inveatioD ia very fully described. 



MEDICAL SCIENCE. 



The Ifa/nioloffieaJ Aetion of TtibiKvo has been very carefully studied 1>J 
Jlerren Vogl and Eulenberg. Thej investigated the physiological actioo 
of (1) those bases volatile below 100° and (2) of those volatile betwetn 
100° and 260°. Both portions act like nicotine, producing conliaetion of 
the pupi), difRcult respiration, general convubdons and death. They act 
more quickly by the stomach than when sub-cutaneously injected, but evtn 
then ate not as prompt as nicotine. On post-mortem eiiimiunlion, the lunin 
and air-paaaiigea were found to he highly congested. They tliink that the 
disagreeable symptoms produced in the iniapient smoker, and the chrmic 
alTectioni which excessive smoking produces, aa well as the pnisonoua eOedt 
of tobncco-juice when swallowed, are due to the pyridine and picolio* 
bases, and not to nicotine. They explain the fact that stronger tobtwm can 
be amoked in cigura than in a pipe, by finding that more of the volatile 
bases are present in the amoke of « pipe; more especially of the reryvoUtlle 
and stupefying pyridine ; while in a cigar, little pyridine and much cuUidtoa 
are formed. The authors compared thb aetion with that of the baaM ob- 
tained from other plants used for Gmoking; with those fWini dandfliaii, 
willow-wood and stramonium, and with pure picoline from Bogbnwi eoaL 
Tbu action was entirely similar, but, with the exception of the willow wood 
base*, ihey produced no contraction of the pupiL ISeoIine in vapour I« ex- 
tremely piMSOnoua, producing great irritation of the air-paasages, Eonvnlnons 
and death. From these results the authors believe that the differt^t eSeet* 
of amoking opium are due simply to a difTereDce in the proportion oif tba 
basoa produced by its combustion. — Arch. Jftnrm. II. alvii. 1.10. 

TTSe Suppotrd HyfihSi* Corpu*cita. — The " Monthly Micro«co]>iaU Jonmal " 
of .\pril, quoting from the " AUg. "Wiener Med. Zeit," eays that the latter 
containa a aerio-comic article on Ihis diaeoveiy of Lostorfer, which, for a 
ttw momenta, shook auch men as Strieker, Hebra, and i^koda off tlwir 
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balance. Dr. Wedl, tie »othoi of tie artkJf, wrs:— "Tlese mipiiBclM 
-will. At the next m««tinf of llie M^fal Soaetr, be ti^eanlj binwd in Dr. 
Stncker** iniwenm. The Fympathj of the profeanimi is reqiieated nnder 
thew pAinful drcamslances. Mid the Society wQI doabtlea institidc ^ecul 
mnssea for the repose of the deputed. It u tctj lacky that the membere 
did not, io their hnnr, have medals Ftruck for the diHUTar; and there b 
time left to send counler-ordeiB to Paris tad I>oitdoii, to Htop eiithii«iB«tic 
researches which might hring some blame on the Yieima Medical Soctetj. 
The latter maj derive from thid mishap the leasoD to beware of alloiring 
itfitilf Io be made a tminpet to ephemeral ditcoTeriea." The " Lancet," 
however, Sods il difficult to believe — and the " Microicopual Jonmal " quit« 
coincides with it — that obserrera like Striker and Ilebn would hive be«n 
carried snaj by impeifeot eiperimenla. It i« clearly t^lated that different 
kinda of blood were placed nnder Dr. Lostorfei'e mictOMOpe (he not bnawiiig 
whence the blood came), and he consUntlj recognifed hii peculiar cor- 
puscle! in btood coming from patienta affected with aypbtlia. 

Caiourlra BUe.—la the " Compter RendBs," March 18, M. E. Hitter quotes 
the results of a aeriea of analyses made by him on eoloorleas bile, taken from 
the gall-bladderB of men and antmala aubmilted to autopty. As an inalance 
of the composition of such bile (as yet hardly ever analysed, risee tlie 
polourleas fluid baa been taken to be muca*] we mentioa here the following, 
in 1,000 parte '.—Water, 023-5; mIu. 12-4: Cat and cbolrsleriDt, 6-Sj 
organic matter. 2-1 ; salts of the btle acida, &S-2. It appeaM that colonrieM 
bile and fatly degenenilion of the liver are someltaw connected together. 

AHcicnl Egyptian Perfrme.—'Ot. Persome states in the ".Journal do Pbar- 
made," March, tbat he acddeDtalfr obtained a small jnece of a chocolate- 
brown Bubstnnce, which originally was apparently a paste, hut is now bard. 
On further examination il was found to consist of a lime-conp, mixed with 
myrrh, olibanum, benioin, and probably some essential oil. Dr. Personne 
states that at the pre^nt day there is sold in Egypt as a perfume a substance 
of similar composition, and locally known aa Bouh Kuane-bar; whieh 
means perfume from the .Arabian frontier. 

A MirAnnkn! Mram <f Lnttgring the Temprrattire, wUch » pecuXnr, is 
described in a late number of PHoger's " .\rchiv," by Ilerr Manassein. He 
states that, if rabbits, seated at ease in a bos, were swung in a tramTBrse 
direction to their length, and with a sapidity of Inentj-eight to ihir^ 
double swings, at a pendent length of 11 7 ccm., that the temperature taken 
in the rectum after the swinging was, by 03° to 1.2° C, in the mean by 
0-06°, lower than before. The depression of temperature ccintinued from a 
half to two hours, and was most decided »fter fifteen minatcs of swinging [ a 
longer swinging did not increase the effect. The maximum of the depres- 
Hon of temperature occurred, at first, aome time (about thirty minute») 
after the cessation of the swinging. The last-named circumstance, as well 
as that the wrapping of the animals in cotton -batting in bo wise hindered 
tbe effect*, and, on the other hand, that n more rapid swinging appuara 
less effective, proTe that the current of air which is produced by the si 
ing is not the cause. Swinging in the longitudinal diameter made 1 
animal more afraid and more restless; it had, however, the same inflt^ 1 
upon the temperature. The effects of the swinging oa i«.\)\i\\a -« 



vbere the ejes were bliaded, and lees, oa the other liuid, in Antcaal<i 
which the respit&tion ■^taa modera.te1; disturbed bj the tigbteniiig of ■ cor 
nrouod the neck, and also in animals onlj altgbtlj nurcoliied by morphiai 
In injecltona of an ichorous fluid, the feverisb increaw of tempenlnn 
produced ntu lessened bf the Bwin^og, and indeed, bj repeated awin^ing, 
brought to a stop. 

JnfltKnee of Dr. Wright'i Morphia Compototdt on the AnimaX Bodi/.— 
Soine experimentj on this subject weie carried out bj I)r. Reginald Stocksr, 
Patholopet to St. Mary's Ilospital, and are of interest. He mva that Atme* 
of 1 decifTNunme of the eonipouod C„ 11,, 1 N^ O,^, 4HI from codeia, 
of the MmilsT compound from morphia, were giten to an adult teniet bj 
the mouth without producing bjiv perceptible eHect whatcTer; when the 
dose was increased to 3 decignuumea, in each case repeated defscatiim in 
the course of a few hours was produced, the stools being more loose tlun 
oidiuaTilj and frequently of n dark greeniah colour ; no other symptom w 
noticeable, and no appreuable diflWrencs in the action of the two cunipoon 
was perceptible. Doses of 5 dBCigrammea of the compound C^, Ha I, 
N, O,^ 41)1 from each of these aoun:eB were given to the same dog bj tlN 
mouUi, with the result of producing similar repeated deGecattoD in the 
course of two or three hours; the sole difiereuce dinceniible between tl 
and the former eitperiments being that the effect was produciM] nonewhat 
sooner and wss of longer eontiouajico in the latter cases, a result nrob<3)ly 
produced solely by the larger dose. No material differences were ubMttvd 
between the codeia and morphia derivative. The xame dog waa emj^oyDd 
throughout, two or three days being allowed to interrcne between Mch 
experiment, so that the animal had recovered from the eflVcta of a formvr 
dose before the admiuistration of another. — Frocecdingi of the Itoyal Soeuty, 
for April, 1872. 

Gaitrk Juice ami Ftpsin np/ilied to Wumiih.— The " New York Medical 
Journal " states that there bare been performed-recently a number of ex- 
periments with the above fluids, applied as follows r the gaalric JuIm 
itofiB waM pencilled, at short intervals daily, fifteen to twenty timei upon 
the wounded surface, or small pledgets of cotton were applied, and upw 
them a second larger layer of wadding dipped in a very dilute aoluliui) u( 
muriatie acid. Several experimeots were made, especially upon cbanc 
upon soft chancres in particular. Afier five to eleven days, cominMiciiiJi 
cicatrizatioD followed as a rule. The remedy ia chiefly indicated in anft 
chancre, in diphtheria, phagedicna, and nosocomial gangrene, 

A Curiaui Memenla of Jmnr-r. — A very interesting memento of the 
discoreru of vaccination bas recently been presented to the Itoyal CoD^ 
of Physicians by Sir John William Fisher. Ii consists of a cow's bom, 
beautifully polished, prewnUd to Sir J. W. Fisher, in the year 1813, by Dr. 
Jenner, and polished by himself. The gift was made iu grateful ackaow- 
ledgement of services rendered to .Tenner's sick children by Mr. Pubcr, 
then A medical aasiitant in Sobo. The horn is now mouniwl iu ulvcr, aod 
bears an appropriate inicription, *tatiug the circumstanci-i umt^r which it 
waa proseuted to the college, I>r. Burrows, the I'resideut, in aakiog ihn 
acceptance of the horn, stated lliftt it was probable — though thno waa ii« 
rccoH of the fact— that the ham bad been taken from one of Dr. Jenna/a 
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( Atheroma in Ihe Artirttt. — Dr. Moion has been raakinff some recent 
KMarches on thu subject, which are of iicportance. He ahowa the con- 
nexion between inflammatioii of the nrterinl tunics, atheromft, and ADeurisni, 
and he dwclla upon, and accounts for, the relativelj greater frequency of 
the Utter aRecliou anioDg snldiers. Dr. Moxod holds (1) that what is 
called atheroma of arteries ia aub-inflamniation of Tariaus degrees, of which 
the lower degrees end in fatlj degeneration of tbo coat?, along with the 
inBaimnatorj products; and (2) that the determining cause of this change 
is mechanical strain, a general altered nutrition — such as oblains in gout, 
eyphiUs, &c. — being regarded in the light of a predisposing cause. — Vida 
Lancet, June 8. 

Chemical Composition of Piin. — The " British Medical Journal " stated, 
in a recent number (May 2», 18/3), that Hoppe-Seyler has obtained resulta 
■which are inlereatinjf in rel«rence lo the question of the origin of the puB- 
corpuwles uiid their identil]' with the colourless and lymph corpuscles. lie 
introduced fresh crystalline lenses of the ox into the abdominal carity of 
dofjs, and analysed ihem afier a period varjing from one to fourteen days. 
As was expected, the lenses became infiltrated witJi Ijmph-corpusclea. 
Olycogea was found in greatest abundance at tho eighth day, at which 
period they contained the greatest number of contractile corpuscles. The 
glycoi^en is due to these corpuscles. If the lenses were not plunged imme- 
diately into bailing wnler, but allowed to stand for some time, no glycogen 
was found, but iu ita place sugar. In tbe pus of congestion-abscesses, no 
glycogen occurred. The occurrence of glycogen, therefore, may be taken 
as a means of distingoishing lymph from pus-corpuacles. When glycigea 
is found in abscesses, it will be found to coexist with the presence of 
numerouB contractile corpuscles. Lymph -corpuscles, therefore, by their 
tr«naformntio]i into rigid pii«-c«rpusclea, become depriTed of their glycogen. 

Animal fitareh. — The "British Medical Journal" in one of its May 
numbers, gires an account of M. Dareste's researches on this point. It saja 
be bns observed granules which present the optical characters of starch in the 
hen's egg, both when newly iHJd and during the process of incubation. 
The granules in the ncw-lnid egg give a blue with iodine ; while those 
observed during incubation sometimes give il blue, hut often give a red. 
The granules appear and disappear several times. The formation of the 
area pellucida is partly due to the diaoppearance of the third series of 
grannies. The fourth series form tho glycogen in the liver. lie attiihules 
the disappearance of etarch to its canveT»ion into grape-sugar, and ita 
reappearance to the change of grape-augar back to starch. 

Action of Alcohol oit the Body. — This subject is yet far from being 
exhausted. Dr, Subbolin gives in the " Zeitschrift fur Biologie " (Band 
vii., Heft 4), also " Lancet," June 8, 18(2, the delaita of a considerable 
series of eiperimenls he has recently performed on rabbits. The mode of 
detection of the alcohol he employed was ita acetilication by chromic acid, 
or rather by bichromate of potash and sulphuric acid, the quantity being 
delennined by the subsequent estimation of the distilled acetic acid by 
means of soda solution. The respimtion experiments were conducted 
apparatus lent to bira by Voit, and constructed on the plan of tbe large 
apparatus of Pettenkofer and Volt. Alcohol of tho strength of 20 qse] 
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injected into the stomftcb througli the expowd cMoplngw^ Mul 
IhU tube at once ligatured- The reanlla at whidi he ftrriTed wen; Th«t, 
during the first 6te houn after the iotrodoctioa of alcohol tnta the slnnwdi, 
ft conaidemble unount e«CHpe9 b; the ^in, lungs, ud kidnuie ; thM U 
least twice u much eacapea by the lungs iwd skin at hj the kidnejii Uutt 
the amounlf he obtiuoed, showing that from 6*79 to 7'4 per ceni. were 
thnt elimiooted, were, from Tarioos consideratiaDB, oertunlj beloir tbe 
quantities leally discharged from the sjstem. These concluaions be arrived 
at in 1870. Quite recently, bon-erer, heinBtituled another eeriea ofespwi- 
uient*, tbe object of which wb« munly to determiue for bow long a time 
arter ingealion alcohol coutiuued to be excreted by tbe dbiii Hiid lungs. Id 
one of these experiments be found that 13'3 per ceul. of tbe alcohol waa 
eliminated in eleven hours and a h&lf through all these channeb ; in auotber 
instance 16 per cent, was eliminfited in twenty-four hours, either in the i 
altered couditioa or only changed into aldehyde. SubboUn maiDtaioa tlut 
alcohol cannot be regarded as in abj sense a food, since, under it« influenot^ 
the metamorphosis of tisaue dimiaishe«, ibe temperature fulls, tbe amount 
of carbonicacid excreted le»enB, im da smaller quantity of uieaUdiacbat^cd. 
Its action, be tbinka, is direct upon tbe nervous system. 






METALLURGY, MINERALOGY, AND MINING. 

An ImproxtmnU in Blowpipe OperatioM. — MM. Armin, Juiig<< and Mit- 
lopulos, of Freiburg, have greatly improved tbe blowpl^ie by nn apparatus 
of which the following is a descrip^ou : — A common wide-moulbed bottle ia 
carefully titted with a caoutchouc cork bored with two holes, into each of 
which passes a piece of glass tube bent at a right angle. On to one of these 
tubes is slipped tbe caoutchouc tube coming from an ordinary caoutchouc 
bellows, whilst the other is put in commuoicalion with tbe blowpipe nozile 
by mesne of four pieces of caoutchouc tubing joined by three pieces of gU» 
tube, drawn to a fine point at each end. This forms the main pecuiiarily 
n[ the arrangement. When air is forced into tbe bottle by tbe blower, 
jerks, it finds a diifieulty in escaping oa fast as it comes in, on account of 
the six line openings in tbe glass tubes that it baa to pass through on its 
way from the bottle to the nuxile, and it thus acquires a certain preseare in 
tbe bottle, and flows out towards the noule as a regular blast. Tbe bottle 
may be about inches high by 3^ inches wide, with a neck 1^ inches in 
diameter; but of course the dimenaions are oE no great importance. Oq 
tbe whole a somewhat large bottle is better than a small one. The ]riecaa 
of gloss tubing used are Q inches long by J of an inch in diameter. TIm 
apparatus will be stronger if instead of a glass bottle a tin cylinder ia naed, 
about 4 inches high by 2 inches in diameter, with two tin tubes opaung 
into its top. Small metal cylinders, with a fine hole at each end, may be 
used instead of the little glass tubes. A blowing apparatus construoied la 
this manner will deliver a perfectly regular blast, and will be of practiaal 
tlioeu who are thinking of working in places where it ia impoe- 
aible to repair tbe ordinary instrunienta. — See Chrmkal Neict, June 7th. 
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■ T^ MfloUarr/y of Lead. — Mr. John Jex Long read the first part of a 
paper on ihis Bubj«ct before the Olaagovr Pbiloaopbicnl Society, March 36, 
1872, in the course of which he described the operations wbich he lind 
personallj witnessed at the works of the l*adon Lead Mining Company, at 
Middleton-in-Tecsdale, a lew miles from Barnard Castle, where the mining 
operations were commenced about 170 years ago. He explained the geolo- 
gical position of the lead-beariug rocks iu Teesdale, descrihing the direc- 
tion, extent, and richness of the mine?, and their mode of occurrence iu flats, 
pockets, Btrin)^, &c. Tbe annual product of the mines referred to is about 
2,000 tons of metallic lead, containing about ois, of silver per toJi, which 
is separated in the metallic form by Pnttinsoa'a process. Before the cum- 
paiiy obtained any pecuniary return from the mines, they had to expend 
about 30,000/. Mr. Long described his exploration of the Coldherry Mine 
at Middleton, the mode of working it, and the various mechanical operntiona 
by which the niinenil is prepared for smelting; and he promised, on a snb- 
ee<]uent occasion, to devote the second part of hia paper to the conudeta- 
tion of the smeltinff and refining processes and the extraction of the silver. 
The paper was profusely illustrated by specimens. 

Wa^e of Sulphur m Mining.-~Xlt. W. 11. Tayler writes to the " Chemical 
News," May 24, upon this subject, lie states that whilst minerals of every 
description are rising iii value, it will scarcely be credited, although such U 
the fact, that iu several of the tin mines in Cornwall, at the present tim«, K 
large source of what ought to produce wealth is allowed to be wasted. 
Large quantities of sulphurous fumes are allowed to pass off daily in calcin- 
ing the tin stuff, instead of manufacturing it into sulphuric acid. lie Btatea 
that he knows of an instance where lhre« tons of sulphur are daily allowiKl 
to escape, which if manufactured into sulphuric acid, the present price of 
which is 3/. 10». per ton, would yield a revenue of more than ]3,00W. a 
year. While Spain and Portugal and other parts of Europe are ransacked 
to find sulphur ores to aupply the mauufacturers of sulphuric acid, in Corn- 
wall all these sourcea of wealth are allowed ia be wasted. 

CryttalUne Diaiociation. — MM. Fnvreand Valson have published the second 
part of a very valuable monograph on this subject. It contains so largo a 
aeries of tabulated forms, the results of eJiperiments, that iin abBlnicl would 
be impossible. 



MICROSCOPY. 

Wenham'g improved Mrflei lUuminator fiir tkt highed powtrt of tht 
Microtcopt.—Wi) cannot resist giving our space to this excellent invention 
of Mr. Wenham's for microscopic illumination. The diagram (p. !t21l), llva 
times the size of the instrument, illustrates the plan he has adopted to over- 
come the defects of the olden apparatus. In this a is a cylinder of glasa 
half an inch long and four-tenths in diameter, the lower convex surface of 
which is polished U> a radius of four-tenths. The lop is tiat and poliahed. 
Starting from the bottom edge, the cylinder is worked oil' to a polished faca 
at an angle of 84° ; close beneath the cylinder is set a plano-convex leui of t 
li focus. Parallel rays sent through the lens, after leaving the l 
conrex surface of the cylinder, would ba refracted to tlie^\iAt^Q^i)i\^>li 
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dottpd lincx if (continued in solid glitss; but bir impinguif; on ibo incliojli^ 
puLislied eurrace (which isfarwitliin the lUigle of loUl T«flecti<»i> U1C7MBI 
thruwn on the flnt «egmenrBl top ; lere they would be totnJly ririlMW m 
liGBten down Bgain to the point, 6, outside the cylinder i but if mi flbJMt- 1 
elide, c, be laid over thn flat top with an iiiterv cuing lilin of v 
proceed on till the fornl point re&chea.the upper aurfai>e or ia di^tiUy4 
beyond it; here total refltnion now lakes place; all Uie li)(bl I 
trnled to a minute epot in the centre of the lield of view of Iht' m 

nnd most of the raye are available for any object broujiht tbcre }»y ll 

infc the slidea over tbeniiter top of the illuminntor, which iniut bttlt^fl 
without allowing any to run down the refleclinft eurface. It wi|) 1)^^ 
in order to get the focal point in the centre of tbe inicroscop«t thtt.tl 
centre miiBt be excentric ; but this does not involve the elightast 11 
nience, as the exoentricity only amounts I4 a Utile 01 
inch, and is bo small that tbe sama adjiutmcnt of tbe mirror ae 
an entire revolution. The apparatus rotates on tbe foctu aa a ei 
managoment of this illuminator ia very easy and eimple; iU 
into the ordinary Bub-stoge, and has an independent rotary B 
own, like that of Nachet'a prism. The cylinder ia brought n 
with the stage. The centre of rotation \» set true by a dot oil ll 
seen with a 1} object-glass. A drop of water is thi^n plaoed anfl 
upon which the slide is laid. The required objects un Ike iHda 
a. low power, and may be diatiuguifhed by their brilliant appe 
those on the cover are nearly invisible. The light ia thruwn ojp^ 
the plane or concave mirror. The former is generally the I 
controllable. The lamp should not be placed much beyond ti« at 
ita direct rays will get underneath and mar the bkcknea of ij 
Having got the best effect, say on a diatom, or insect scale, by 1] 
mirror, we now proceed to rotate the illuminator. Darin); thU'^ 
exquisite lurolding of structure tstkes place, opening out as It 1 
detail the forui of bosses or ribbings. On that Kuperb test, tha f 
example, when the light is thrown from the apex to the quill, t) 
scale ia dotted over with bright blue spots laying in a u 
these are the most prominent parts or the club-end of the a 
are nearest in contact with the glnss. Fuller delaits are CovtldM 
paper from which there remarks are taken, which should be r 
the reader. — Vide MonlUy Mi(r<m.vjyiinlJimmnl, June li 

Tht Ileit Way lo tee the Markmijs m SaltM«rf ^fl/wiatlioft 
according to Dr. Anthony (" Monthly Microscopical Journal," Jmia^ S 
He says that scales are beet seen by " transmitted " ordinary Ugilt^ «' 
"pin-hole" stopisplacedlikeasmallcapon the usual wide-anglifd o 
and by being very particular thst both flame of the lanip and objteld 
focus, or very nearly so, at the same time. When scales are ta^tvt li 

" reflected " light, then they are to be seen at their best by brlDglD|t d 

little transmitted light at the same time, such light being quile subflidiulf 
and only for tbe purpose of rend«nng the black shadows tmnsparenU / 
similar cflect of course can be got by using a Eecoud lamp and "bull'«-«jv' 
at the other aide of the microscope, or even in a ninur degreu by a Ut 
T^hiMcatd, placed in the stage beneath the object, to as to rrflnt light, b 
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on the whole he prefers Ihe first form of "double 'illununati 
eatiafnctory tind far luaa troublesome. 

Mr. Oollins' Light Corrector. — An ingenious bit of appamtui bu been 
defiaad by Mr. Charles Collins (17, Oreal Porll»ad Street). It coiwitU of 
a braaa stnge'plate with a groove in which rotntea a dinpbrAgm of four 
apertures, ouc of them being open and the other contMning blue gUa«ea ef 
special tint, and oue with a Bnely-ground aurfuce. Theie elTiKtuiillf 
rect the yellowaees of all artificinl illumioiitinn, ranliing the light uAand 
agreeable to ihe ejeaightas well aa improiing the deflui 
an improvement on Rainev'a Light Modider eo aa Ui obtain more Taried 
effects, and doea not require any special fitting, aa it can be used 
mictOECOpe. 

A Carioas Fact in Biehromatic Vision baa been observed and described bj 
Mr. J, W. Stephenson, F.R.M.S. Ue save, as of course U known la mofi 
atudenta of optica, that, by the wd of a douhle-iniage prism and a film of 
aelenite, two images may be elkown in the field of the microecope, tbt 
coloure of which will be complementary the one to the other, and thai 
when these images overlap, the resuUing image will be, as far as the over- 
lapping extends, of white light ; but it is not, he thinks, ho well kDOwn 
that when, by a suitable arrangement, dilFerent colouta aru made to occupj 
the two Uelda of a binocular, the resultant is a combination of auch coloutif 
and that if these are complementary to one another, the aensatiun of colour 
induced in the biain by the retinn of one eye, is neutralised by that wbich 
reachea it through the instrumentality of the other, and that by the 
bioKtion of the two the aensnli'in of colour is entirely lost. This, bowercr, 
Hr. Stephenson observed in the inutit convincing way. The fact is a liula 
curious, and we think, as yet, is ioaufficiently explained. — MouMy JKct»- 
ivopieai Jvurtiat, May 1872. 

7-he Tko Bat Te^ Object:— Dr. Col. Woodward saya that Ampiiplfra 
pelhidda is a useful and valuable teat fur immemion objectivee of \l}t ii 
focal length or leas. Lower powers can only hope to lesolre it if poSKMad 
of axcessive angular aperture. When, however, it is desired 
between smalt differences in the excellence of objectives intended fnr lk«' 
most exquisite resolution, a more subtle lest is required, and this will ba- 
found in the ninel*en-hand plai« of N'obert, by those who take proper prt- 
cautiiins in its use. Thoae, however, who believe tbey have secured 
lution whenever they see lines in the higher hands of the plate, witbuut 
duly conaidering their number, must not be surprised if objectirat tfaay 
have accepted as resolving the ultimate bands of the plate fail to *bow tto 
striffi on even the coarsest frustutes of the Amjthipltiu-a iieUicida.- 
Micretmipiaii JuwntU, April. 



of Proftiaar Moru.—^i^ regret being obliged to aanouaoa t 
t of Professor Samuel Finley Kreeze Morse, nbicb took placo at liM 
reridence in New York city, on April 4, at the advanced a^ of oightjHXHii 
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jeua. Few Americans have Bttained ao world-wide n renown as Mr. Sloree, 
growing chiefij out oflus Bucceaa in deviaing and introducing the Bfstem of 
electric tele^rapbj which hears his aaiue. Sir. Moras was the eldest son of 
Jedidiah Morae, D,D., an Americaa clergymiui, better known aa a geo- 
gt«pher, wboee writings were the Srat devoted to the elucidation of Aineri- 
can geo^rapb}', hi« educational warba uf this character reniiuniiig for more 
than a generation in general use. Prof. Morse was bom in Cbajlestown, 
Mmb., April 27, 1701. He graduated at Yale College in 1810. 

An In^ontaentia Barry' t Singing Fhiine haa been devised in America bjr 
Mr. W. E. Geyer, and is duscribed by him in "Silliman'a Americnn 
Jottmnl." lie states that a aimple addition to the apparatus deecribed by 
Barry laat year has giTen him a Unme which, hy alight regulation, may ha 
made either: (1) a sensitive flame merely; that is, a Dame whicii ia 
deprowed and rendered non-luminoas by external noises, but which does 
□ot ung ; (3) a continuously singing flame, not disturbed by outward noises ; 
(3) a senaitive flame, which only sounds while disturbed; or (4_) a flame 
that sings continuously, except when agitated by external sounds. The liut 
two results, so far as is known to him, are noTel. To produce them it ia 
only necessary to cover Barry's Rnme with a moderately large tube, reeling 
it loosely on the gnuze. A luminous flame six to eight inches long is thus 
obtained, which is very sensitive, especially to high and sharp sounds. If 
now the gauze and tube bo raised, the flame gradnally shortens and nppenrs 
leas luminous, until at last it becomes violently agitated, and sings with a 
loud UDiform tone, which may be maintained for any length of time. Under 
these condittonB, eitemal sounds have no effect upon it. The sensitiva 
musical Hame ia produced by lowering the gauce, until the singing just 
ceaaea. It is in this position tbitt the llanie is most remnrkable. At the 
slightest ehfirp sound, it instantly sings, continuing to do so us long as the 
disturbing cause exists, but stopping at once with it. So quick are tba 
leaponses, that by rapping the time of a tune, or whistling or playing it, 
provided the tones are high enough, the flame faithfully sounds at every 
nota. By slightly raising or lowering the j et, the flame can be made lees or 
man lensitive, so that a hiss in any part of the room, the rattling of keys 
eren in the pocket, turning on the water at the hydrant, folding up a piece 
of paper, or eren moviag the hand over the table, will eicite the sound. On 
pronouncing the word " aensitii'e." it sing^ twice; and in general it wilt 
iDt«rrupt the speaker at nintoat every " g" -or other hiwing sound. 

A new SeiimiH/raph has been de)icribe4 in a paper before the Wellington 
PbiloHophical Society, New Zenland, by Mr. Wm. Skey. The following is 
a partial account of the inHtrumenL A small block of metal, having a thin 
■lip ofplatina attached, or n small wire of this metal projectinga little apart 
from it horizontally, is connected with an electro- magnet with keeper sus- 
pended, and this with a single cell of a battery. A very fine silver wire 
(that used for sewing wounds), 3 ft long or so, joined at its lower extremity 
by a little platinn wire, depends from a point above, so that the two platinn 
wire* may intersect; a firm adjusting acrev or other apparatus set con- 
tiguous to the point of suspension enables one to put this point in such a 
poffltion that these wires are allowed to press but very slightly 'ipon each 
other. The silver wire is connected with the other pole of the cell throut'* 
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this point of susppneion throujrh a verticiU gnlviu)aiii>>ter. The abncb- 
receiving pnrt ia placed undergruuDd lo avoid the iotcrierence of nitidit <n 
thnt of violent detonatiuns, the metal block bein;; wt upon a wooiIfo pil* 
driven Botne distnni^e in sulid enrth. ^Vbe^ properlj' set, a eingle mnk^ wid 
brook contact of this kind ia so B*nsilive that the impact of 3 poiindu "I 
■tone, fnlling from n height of 6 ft. upon the ground, at a distance of 1)0 ft. 
from il, moved the needle of the (lalvanometer \ery dcterminately. The 
intervening ground was cluj. 

Coal-gm far Liijhthoufet. — Mr. J. Wigham recently gure n lecture in 
Dublin on tJiia subject He anid that coal-gaa was first used in UftbthouKu 
in 1805, by Mr. Samuel Dewley of the Irish Board of Lights, who tried 
Bome eiperimenta nt Howth. The lirst burner used was called tbe "emeus." 
The principles involved in this burner, and thi 
the gas, proved that by the crocus there wa« an 
for light, as compared with the gas usually used in 
then alluded to tho economy as compared with oil 

about fiO/. per annum on each lighthouse in which the gaa Lad been tried, 
and, in the case of intermitting lights, the differenre was much gR«lH m 
regatde economy. Dr. Tyndall hsa been aeut down to investigate the whoU 
matter at llowtb, and that geutleman had reported favourably- There wen 
tire lighthouses at present on the Irish Coast illuminated by gaa, and tli«T 
are about to try it on two of the English lighthouseg. In speaking of the 
electric light, Mr. Wigham said that though the latter was very intense, jet 
it was deficient in quantity, and it was not so good as coal-gas for penvtral- 
ing foga. Mr, Wighain then proceeded to explain the mPcLanical nrrangr- 
menla and the construction of the lenses. — Rot/al Jhtbiiti Sumty, Maicb I^ 
1872, 

Euimatiny Ihe Intmsity of Light, — The Chett.irxil Sew, April 12, quot- 
ing from an Americim journal, s-tates that Dr. Vogul proposes Mi\\\\nmmA 
iron as a suitable salt for determining quantitatively the intennty of tight 
For the preparation of this reagent, dissolve chemically pure oxide of iiOli, 
best obtained from the oxalate, in hydrochloric acid, and evaporate neatly 
to dryness to expel tho excess of acid ; and after iiltering, add an aqutoui 
solution of nitroprussidnatrium in proportion of three of the iron to two gf 
the latter. There ia usually a slight precipitate produced by this mixtON; 
which can be collected on a filter ; but this operation must be performed In 
a dark room. ^Ve have now a liquid eieeasively senuitire to the acdon of 
sunlight. Hy exposing a small quantity of a known specific gravity la th* 
action of light, a precipitate of prussian-blue will instantly begin to fall; 
and, on redetermining the sp. gr, in the dark chamber, ita decrease will U 
found to he proportional to the precipitate ; and we have thus the data for 
measuring the intensity of light. It was found by Dr. Vogel that liw 
liquid, exposed for forty-eight hours hefore a kerosene lamp, was not in tlie 
least affected, but a piece of magne^um wire, when burned, immodialrly 
produced a precipitate. By employing a long instrument gnuluaied in mllli- 
metres, it would appear to be possible to measure the intensity of llie light 
by the number of millimetres occupied by the precipitate. The inruuioa 
has an important bearing upon photography. 

JIow tv bend Clau Tubes tu lU to Jit Apparalvl.—'m.T. J. Laurenco Sooili 
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states that it is well known that it reqiuTes some tact to bend a tube with 
an even curw and without collnpaing its aidi^a, sud many ch^mials navpr 
aiic«eed in bending them skilful];. Although having no particular ahill in 
this matter, he never fails to bead them perfectly sntUfactorilj, by using » 
Hame different from the one ueuallj employed ; Iho flame is one given by 
the BuDBSQ burner dewribed in hia article on alkali determination in aili- 
cfttes (see Chemical Netoi, vol. xxiii., p. 335). The burner is very commonly 
naed now in all laboratories, where the ertromity of the bumnr ia flattened 
nut so aa to give a short and thin but broad flame, eometbinit like Ibo flama 
of an ordinary gas-burner. Tlie tube is placed in this flame and tumad 
round and round, until a good heat is ^ven to the tubej it is then with* 
drawn from the flame and bent, when it d<:ie8 so with a perfect cuiva and 
no collapse of the itides of the tube. Of course tliia ia only intundad for tb* 
smaller tubes, but a tube of 1 centimetre aud more eon be thus bent verj 

SpecTra of Manganeiie in Blompipe .Bmrfs.— Sfanitanese may be eaaily 
detected in this manner according to Mr. Charles Horner {ChtmiciU Nrwt, 
March '2'2). The following is the beat way of prepariog the beads and n%- 
amining their spectra. Sufficient chlorate of potash should be ToUlili«ed In 
■he loop of platinum wire to form a bead about the «ii« a( a piti'i bond, 
then take up the merest trace of the oKitle and fuso it ; next add nnough 
chlorate to flil the loop, and very gently flume the bead for a few Necundt 
and withdraw, when it eryataUixea a delicate piuk colour. In adding tht 
second portion of chlorate care must be observed not to volatillso lbi> salt, 
and the best result is when the beud does not much rxceud the tbicknuM nf 
the wire. If after addiog the second portion we vobitlliM tb« chbirata, wo 
immediately obtain a greeoieh-coloured bead of mauganate of jiotuh, and 
more transparent than the pink bead. In order to see the spectra of Ibawa 
beads, they should be examined by the spectrum micr'jac'ipa and strunHljT 
illuminated. The pink bead exhibits seteral ab»or|>ti(m- bands niore or Iua| 
definite according to the amount of manganese present. The tlirna iijihiI 
distinct bands, however, lie between U and h, and may tw ihhio whun tlia 
bead ia scarcely coloured. Tbia spectrum very cloaoly icanmhUs that |[i)iin 
by the crystals of percbIorat« coloured by permanganate of potash, but lli* 
bands are slightly more refrangible in the former. Thii gwen bniMl ((Ivai H 
spectrum of two bands, one broad band covering the sodium linn, and a vary 
narrow band in the orange ray. This apectrum t«st la rooit mMfiil In tliN 
examination of minerals, for although the pink colour t< snniullinMi dl>|[iil)iiiil 
by the presence of other substances, as in rliudoniu, wliiah ouinrnuiilnaUs % 
yellowish Uot to the bead, yet the threo prindpal absorptiuu-bwiila ar« 
pbunly vinble. 
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t bu eicited rnnsldorablo »lt»iillii)| i 
can Jounjal," May 1H7U, mnUl.i. 
important review of Air. Lyman's recent and wtmawhut novul iiplnl'ipia i 
the subject. We of course cannot enter on to long i t)L.««ll(m. W> mar, J 
however, refer the reader to Mr. l.yrosn's work, " Illustralud (Jutsl 
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Museum of Comparative Zoology," io which, no^er Um liMdi&g of "NetH 
on Nomenclftture,'' bis peculiar views are expressed. It is remarluible tbu 
Bome years ajj;ci, the American Ansocialion for the AdviuiceueQt of Scicnn 
appointed a committee to reconsidtr Uie canons of biological nomraehtim, 
and to report whether, with llie growth of sdence, they required Mf 
additions or alterations. No report bos yet been made, nor, so far ta we on 
aware, U any likely to be presMited, until the subject is again brou^t 
prominently forward and new iDstmctirma given. Professor A. E. VmiiII 
has since republished the Reviaed Rnlea of Zoological Nomenclatmc 
adopted by the Uritish Asiocistion for the Advancement of SdcncQ ta IWS, 
and has accompanied them by a few apt commenta ; in England, Mr. W. F. 
Kirby, in n papor read before tbe I.rDaeati Society of London, haa callfd 
attention to the extenMve ebangea which a strict adUerejJce to the Uwi Of 
priority would cause in the generic nomenclature of butterflies : and qoiU 
recently has put the same into practice in his catalogue of tht>ae inserts. 

A JVero Cnittnrean: Tomoctiris iWrcfi has been discovered by ProfMW 
Agaasii. This, which is named as flbore, was dredged in 45 fathoma about 
40 miles east of Cape Frio. It is described as verr like SeroJU, wiib th< 
marked difference, that the thoracic rings are much more numerous, andtb* 
abdomen much smaller ; and it is aaid that its reaembtance to Trilobit«s is 
unmistakable and very striking, and that it can be referred to no one of tha 
ordera or families in Milne Edwards' or Dana's classification. From tin 
detfuls of Prof. Ageseii'a description, the animal is evidently one of t1i( 
Serolidic, apparently congetteric, perhaps specifically identical, with tbt 
Bitmgttiaiiia Irilobitoida of Eights (Trans. Albany Instituti', vol. ii., p. 69, 
pi, 1, 2. 183.^), which is referred to the genus Serolu by Andouin and Mihw 
Edwards (Archives du Museum d'Hial. nat., tome ii., p. 2ft. pi. 2, 6g. II, 
1839), and retained in the same genua by Miloe Edwards in his great wnrk 
(Ilist nat. dcs Crust., tome iti., p. S32, 1840). To moke this appaf^nt il is 
neceasaiy to observe that what Prof. Agasaiz calls the head includes the first 
thoracic segment, which in the Srralidm is aochyloaed with the bead ; that 
what he considers the three posterior segments of the thorax, hare been 
regarded by carcinologista as be^lon^ng to the abdomen ; and that, *a • 
result of this first homology, what have been regarded as the anlurior 1«g* 
are calleil maiiUipeds. The only point in the whole description which caa' 
militate against the view here expressed is in the description of tha Bin* 
piurs of legs which ore said to be "all alike in structure ; " the aix anterior 
pura, however, are "larger thcin the three last, which are alao mnra 
approximated to each other," thus agreeing perfectly in position with tha 
three anterior abdominal legs of the ordinary Serulids. The pt-rfect ajrtM- 
tncnt in all other respects, however, leavea little doubt of the cloae affinily 
between Tamacarii and the Brtniffniitrtim of Eights. It may be weQ to 
notice that among tbe species referred to Serolu, there are sevoral geam^ 
distinct from the typical S, paradrura, and that the apecics dvBcribRd by : 
Eights represents one of these, although the name JtrongHiarlia is praoccD- 
pied. — Siiliinim't Journal, May. 

The Great I^Mic Aquarium tU Ii'rip/ci. — An account of tliia inuoKiM 
undertaking is given by a contemporary, and is of sufficient inlanflt 
I have a place in out coluuuia. The building, which is under the 
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direction of M. Anton Dohrn, is rectnngTilftx, measuring 100 ft. by 70 ft 
vrith B height of 40 ft., iind is 100 ft. from the sea. The lower | 
is to he occupied hj the tanks of the fcTea.1 Hqunrium, to be openal t 
the public: and the upper will coutain 24 rooma for Inbomtories, n libruTT 
and coUectioue, with lodging rooms for three or four loolopiets. There will 
be 53 tanks in the lower Btory, one of them :i2 ft. long, 10 brond and 3J 
deep, another, 20 ft. long, aJid tweiitj'-Bii 3 ft. by 3| ft. The tunka through- 
out are fumislied with ft continuous current of sea-water, lipstiurs, the I 
library room is lar^e enough to hold 2I],000 volumes. The principal 1 
laborfttoty room will contain 20 to 30 tanks of ditfereut azei ; and besidea 
there are private Inbomtories for the chief zoologist and the first agsistant, 
and oiher smnll laboratory rooms, and rooms for collections. 

TXree Additional Zoolofficnl I\iblicatiinin bare lately made their nppearance, 
and if we may judge from the first numbers and from the character of the 
editon, they are likely to commend succew. The one, "Archives de Zoiilogie 
Erpfirimentale et GiSn^rale," issued by Professor I,acB7e Duthiers, will. take 
a high place among scientific periodicals, Rnd is likely, in French zoological 
literature, to take the position which Siebold and Kiilliker'a " Zeitschrift" 
takes in Germany, Professor Lacaze Duthiers, so well known for hia 
thorongh researches upon the Inverlcbmtea of the Mediterranean, c 
Lnte« an introduction to the flr«t number, stating the aims of the publica- 
tion, and concludes the number by an elnborate article on the auditive 
CApsules of Gasteropoda. The other original article of this number is 
written by Mr. Perrier, who has given us fln excellent papiT on the Natural 
History of a fresh-water worm (Deto) allied to Nnis. This periodical, as 
well as the other "Journal de Zoologie," published under the auspices of 
Professor Gervais, both have notes and reviews on scientific works published 
in countries outside of France, a feature which thus far has received hut 
little attention from French srientific joumala, Holland, which already 
puhliahes so many scientific memoirs and periodicals of great excellence, 
adds a purely zoological archive to its list, ediled by Professor Selenka. 
The fitst number contains a tolerably complete embryology of one of iha 
naked Gasternpods by Selenka, and a lonp paper by C, K. IIoBinau on the 
anatomy of Echiooderms; both these papers are excellently illustrated. 
' Professor Selenka intends to issue his Niederltindische Archiv fUr Zoologis I 
whenever sufiicient material is at hand; h'S solicits articles either in German, 
Frencb, or English. 

Appenranre of Colour in F!si kept in Aknlitil.—Tii. Richard Bliss, writing in 
the " American Naturalist," April, slates that a short time rince while ei- 
amining a number of alcoholic specimens of Cyprinoids from Ogden, Utah, 
collected by Mr. J. A. Allen lost September for the Museum of Comparative 
Zoology, he noticed a species of flicAaraWiiW distinguished by a bright 
vermilion spot on tlio abdomen. The size of the spot varied in different ii 
dividuals; in some it was quite fimall, in others it extended &om the ' 
of the pectoral fin to the anal opening. Calling Mr. Allen's attention t 
this fact be stated, greatly to his surprise, that this colour was not presai 
in the living fish when he caught them, but appeared after the fish had bed 
in alcohol a short time. A dissection of one of these fishes showed Mnfl 
Bliss that the colour was deported in the areolar layer or derm, and nasi 
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tliorefoTe a true pigmentnrY colour. The onij eiplanatioQ he can offer to 
Recount ioT tliU peculiar appearance of colour U this:— It ii well knonn 
that duiiu)! the breeding ?eawD tisbes fnqueiitl; take on the mMl brilliut 
colours, which diftappuar wben tliBt season is past. It is nut therefore im- 
probable tbnt thix colour nmy have beenoue, at least, of the colours aiwmpd 
hy the tish during the reproductive period, and that tbe alcohol sened in 
aome way to bring out the colour thus abnormally. Whatever may h«« 
been the cause, the fact ibnt colour can so appear in fishes irill serve aa ( 
caution to ichthyolo^sts when describing species from alcohulic speciment 
alone, lest they confouad abnormal ur seasonal colours with those thai an 
permanent. 

rarthenogcruMB among Lfpidopiet-a.— It aeema that the Putcb naturaliit, 
M. U. 'Weizeobergb, juD., has performed a raries of eiperinienls on thii 
interesting subject, the insect placed under observation being Liparl* iS^ar, 
and concludes that it is possible for at least three succeaaive generation) In 
be produced without access of the male to the female. The fultowtng an 
the results of hia very careful eiporimenta : — (I) August ISlit!. eggs laid 
by impregnated females ; April 1BG7, caterpillara appear, and tn July p«- 
fect butterflies. (2) August 180", eggs laid by females of this year an 
without impregnation ; April 1868, caterpillars appear, and in July peiiiirt 
butterflies. (3) August 18GS, ^gs laid by females of this year without 
impregnation ; April 18G0, caterpillars appear, and in July perfect butter- 
flies. (4) August ISOSJ, eggs laid by the females of ibis year without iD- 
pregnadon ; April 1870, no results, the eggs all dried up. The power nf 
reproduction appeared to decrease year by year when impregnation wu 
prevented. Similar results have been noticed in other butterflies, in b<9««, 
and notably in aphides. 

An Error uf Mr. Danr-in't. — The "American Naturalist" (May 1972) 
states, that in the last edition of his "Origin of Species,'' Mr. Darwin ihi»- 
states Hyatt and Cope's law of acceleration and retardation in th« following 
language : " There is another possible mode of tranntion, namely, ibruugll 
the acceleration and retardation of the period of reproduction. This vieir 
has lately been insisted on by Prof. Cope and others in tlie United Stal<a 
It is now known that some animals are capable of reproduclioD at ■ very 
early age, before they have acquired their perfect characlere," Ac. A 
writer, who signs himself "Z," etatea, that Prof. Cope and others have not 
insisted on the above propositions, which he imagines to be supporti'd bf 
very few facta. Their theoty of acceleration and retardation sutra, that, 
while the period of reproductive maturity arrives at nearly the same age ut 
period of the year in most individuals of a unglo sex and sjiocieB, tha por- 
tion of the developmental scale which they traverse in that lime niay vary 
much. That an aiidition to the aeries of changes traversed by the punot 
would require, in another generation, a more rapid growth iu respect t.» tba 
series in question, which is acceiei'ation. A falling short of acmrapliahiDg 
that completeness would result from a slower growth, hence the prorrm it 
termed retardation, ^'nst numbers of observed facts prove that tliis is tha 
great iaiB of lariatiiM, t.iwai'ds wliich little progress has yet been tnads hj 
Students who are yet chielly ovctipiwl with tbn co-operative Uw of natural 
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THE HYDROID MEDUS.E. 

Bt the HEV. THOMAS HIXCKS, RA., F.ILS. 

[PLATE IXXXVin.] 



THE title which I have given to this paper is Dot as strictly 
accurate as I could have desired, but it is the best that 
occurs to me. It is my purpose to sketch the histoi^^ of those 
exquisite medusiform organisms, which, long regarded as inde- 
pendent animals, are now known to be the wandering repro- 
ductive buds of the hydroid zoophytes.* To style them 
Medusae, however, is to run the risk of suggesting the idea of 
absolute individuality, and so concealing their true zoological 
significance. They are the floating flowers, so to speak, of the 
plant-like animal, detached from the parent structure at a 
certain point of their development, but still a mere term in 
a single life-series ; elements of a perfect being, but not them- 
selves complete existences, and only comprehensible when 
referred to the whole of which they form a part. The title 
must be accepted with this explanation. 

Other medusan forms, identical in structure with those to 
which I have just referred, but which have not yet been traced 
to any fixed hydroid stock, also come within the scope of the 
present paper. These are very numerous, and oflFer a wide 
field of interesting research to the naturalist. It is remarkable 
that in the case of so many species the reproductive bodies only 
should be known, while the plant-like colonies that gave them 
birth elude our search. Of the forty or fifty forms described 
by Edward Forbes in his classical Monograph on the " British 
Naked-eye Medusae," t« ^^^ f'sw have yet been traced to their 
origin. Of the North American species, so admirably described 
and figured by Alexander Agassiz, many of which arc wonder- 
fully beautiful, the same remark holds good. We know a 
large proportion of them merely as ocean-wanderers, scatter- 
ing the seed of new generations, beautiful and ephemeral, like 

* AUmaa has given them the expressive name of " planoblasU **— 
^ wandenog bude.'' 

t Pnblished in 1848. 
roL. XI.— ^RO. XLV. z 
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their analogue the flower ; but, so for, can neither trace their 
lineage, nor follow the fortunes of their offspring. These 
attached medusffi are mere fragment&of a life-history; thej 
like a few exquisite lines from a lost poem, which make us long 
to recover the missing contest. 

Perhaps an apology ia needed for isolating one element of 
the Hydroid, and treating of it apart from the indiWdunlity 
to which it l>elongs. But inasmuch as the medusiform zooid 
detaches itself altogether, at a certain stage, from the colony 
that haa reared it, and thenceforth leads a perfectly indi^peiident 
and original life, with marked characteristics of its « 
and further, as it is the representative of one grand department 
of the hydroid economy, it seems permissible, as it is cett.iinly 
convenient, to make it the subject of a separate study. We do 
not quarrel with a paper on flowers, apart from the plantd that 
bear them, nor do we resent it as a sin against scientific accu- 
racy. Besides, as I have just mentioned, a large proportion 
of the hydroid medusae are still without pedigree, and mu>t be 
treated provisionally as isolated beings. 

A hydroid colony (for associated life is the rule of the orderl 
consists of at least two classes of zooids. They may not both 
be present at any given time, just as leaves and flowers are not 
always found together on the plant, but they are both essential 
elements of the perfect couamouwealth. One class is chained 
with the alimentary, the other with the reproductive function. 
Both are evolved in the same way, as buds from the common 
substance of the zoophyte. The polypites or feeders of the 
colony are always permanently attached to it ; the reproductive 
buds also often pass through their various stages in situ, and 
wither away, like the seed-vessel on its stalk, after the liben- 
tion of the ova. But in many cases they take on a morp 
highly specialised form, and are equipped for a free and loco- 
motive existence. Assuming a medusan guise they part from 
the sedentary colony, and exchange their vi^etative ways for 
the customs of a vagrant life. The structural elements of the 
polypite are modified and readjusted in the free zooid ; tho 
tentacles, which had only sencd for prehensile purposes, are 
webbed so as to form a contractile float, and the zoophyte whidi 
in its alimentary phase is the most wgetative of animajis 
appears, in its higher reproductive phase, as a restless ocean- 
wanderer. 

Let us take up the history of the so-called medusa, the 
" swimmii^ polypite," the reproductive member of the hydroid 
colony, at the point when it is about to cast itself loose, and 
enter upon its proper work of maturing and ditfusing the wing»d 
embryos that are to perpetuate the species. The sexual Liujs nf 
tJie zoophyte are borne m NwioMA ymUons ; sometimea tliftj^ 
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originate on a special offshoot (a qiuisi flower-stalk), which is 
now naked, and now protected by a transparent um ; sometimes 
tbey spring singly or in clusters from the body of the polypite; 
sometimes they pullulate from a portion of the common eub- 
fltance which links together and binds into cne organism the 
many zooids composing a colony. 

Let us examine a cluster of them, hanging from the body of 
one of the naked polypites. Commonly each bud is inclosed 
in a delicate capsule, which protects but only half conceala 
the exquisite structure that ia ripening into perfect form 
and "tender grace" within it. In some. cases, however, this 
envelope is wanting, and the bud is freely exposed through 
the course of its evolution to the surrounding water. In each 
cluster we find buds in all stages of development ; but one ie 
always much in advance of the rest, and attains maturity whil«) 
Bome of its companiona are merely rudimentary. And here let 
me pause for a moment to celebrate the beauty of the group of 
animal flower-buds, already showing traces of the vivid colour- 
ing that adorns the adult medusa ; some closely folded up, and 
giving scarce a hint of the marvellous form that Ih being 
moulded within, some heaving with the pulsations of the 
imprisoned zooid, while one, it may be, has opened, and the full- 
blown medusa is visible hanging from its slender pedicle, and 
struggling with the bond that still detains it. 

Through the investing capsule the general form and leading 
features of the contained zooid may be dimly traced ; but bo 
tightly is it packed in its little case, and so much are the parts 
compressed and thrown together, that it is difficult to realize 
its appearance until it emerges from its captivity. In the 
later stages of development, the contractile movements that 
are so characteristic of the tribe become frequent and vigorous, 
and at length the capsule is ruptured, and the medusa unfolds 
itself ; the tentacles, which had been stowed away within the 
swimming-bell, are cast forth, the bell itself assumes its true 
proportions, and it hangs as if on the point of starting into free 
life. But it is still attached, and arduous and often protracted 
struggles must precede its final liberation. 

Up to this point that portion of the bud which is to form 
the digestive sac of the medusa has been in direct connection 
with the common cavity of the zoophyte, and has received &om 
it constant supplies of nutriment. But the communication is 
now to cease, and all the energies of the zooid are engaged for 
the time in severing the link that binds it to the comm.on life 
ofthecolony. (FidePlateLXXXVIIL, fig.3; a marks the point 
at which the medusa was attached, and in communication with 
the general chymiferous cavity.) The struggle for freedom is 
often long, and, to the watching naturalist, wearisome enough ; 
the bell contracts and expands rapidly, jerk succeeds jerk, tu^ 
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follows tug, these Epasmodic efforts alternating with long 
periods of quiescence, until at last the connecting link sud- 
denly gives way, and the medusa drops into the water. 

Before we finally dismiss it from Uie colony, and while it 
still continues an integral portion of it, let us pause to consider 
the somewhat perplexing question of individuality with re- 
ference to these composite organisms, in which many sotiid^ 
similar and dissimilar, continuous and discontinuous, are the 
product of a single ovum. 

Philosophically regarded, /Ac whole aeriea of forms ei'olved 
hy budding, and intervening between two generative acts is, no 
doubt, the equivalent of the " individual " in other classes ; 
and this is the case, even if some of these zoeidal forms detai-h 
themselves, and lead an independent existence. In this sense 
the polypite and the medusa are as undoubtedly not "indi- 
viduals." Yet it must be accounted unfortunate that this 
term should have Iwon applied to the zoological conception. 
It would be better, surely, to speak of the life-series of the 
80ophyte, of which the various zooids are so many units, with 
the understanding that this corresponds with the " individual " 
of other tribes, than to perplex the ordinary mind by aitserting 
that the free and independent medusa is not an individual 
at all, but that a hundred polypites and a company of a 
hundred medusse together constitute an individual I The 
medusa is not the immediate and single product of an c-^. 
It is developed as a bud from another structure, which la Uic 
immediate product of tbe ovum. It is not, therefore, an 
"individual," biologically considered. But in the ordinarj- 
sense of the words, as Professor Allman has remarked," " every 
zooid has an individuality of its own," which it is important to 
recognize. The medusa, with its original and distinctive 
manner of life, and its independent ways, has a very marked 
individuality of its own, which I shall endeavour to exhibit in 
the following pages. 

To resume the history, the liberated medusa after a brief 
period of quiescence begins to move rapidly through the 
water, propelling itself by the alternate contraction and ex- 
pansion of the gelatinous disc or swimming-bell, which consti- 
tutes its most striking feature. It certainly presents a remark- 
able contrast to the sedentai^y kindred from which it has lately 
parted company. Its whole organisation fits it for active loco- 
motion, the poljrpite is rooted to one spot for life ; is a restless 
floater, ranging widely through the waters of the sea, the latter 
isafixture: it pursues its prey, Ihe latter waits for it; it is 
mercurial, the latter vegetative ; and yet aft«r all it is but 



* Id Ilia ^atwoili on IW "t\Anx\BKvM\\\^4itft4»,'' 1871." 
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polypite disguised in a dress which is suitable to the needs of a 
free existence. The general plan of structure will be best 
understood by a reference to the plate. It is of this kind. A 
delicate, more or less transparent disc or bell, serves as a float 
to which the various organs are attached; it is eminently 
contractile, and by a regular systole and diastole propels 
itself through the water. In figure it is variable, but always 
bounded by lines of beauty ; sometimes it is almost globular, 
sometimes hemispherical, sometimes shaped like a watch-glass, 
and as translucent, sometimes of more fantastic form. Com- 
monly it is of the slightest, filmiest material, often colourless, 
and so crystalline as to be hardly visible ; as often tinted with the 
most delicate hues, which only the flower can match ; frail as 
the bubble, and brilliant as the bubble when touched by the 
sunlight. Within the cavity of the bell, and suspended from 
its summit (Plate LXXXVIII., fig. 7, m), hangs the digestive 
SdCj terminating below in a moutli^ and at its upper extremity 
opening into a number of delicate canals (Plate LXXXVIII., 
fig. 7, c, c), which traverse the avails of the swimming-bell longi- 
tudinally, and empty themselves into a circular vessel running 
round its margin. We have here the simple nutritive system, 
which corresponds essentially with that of the fixed and plant- 
like elements of the hydroid colony. The digested and 
diluted food is forced from the pendent stomach into the 
radiating canals, and conveyed by them and the circular 
vessel that unites them throughout the organism, the stream 
flowing back periodically to the central depot for fresh supplies. 
The number of the canals varies in different species ; com- 
monly it does not exceed four (Plate LXXXVIII., figs. 3, 4, 6,), 
but six (fig. 3), eight, ten (fig. 7), and twelve are met with, and 
in some cases as many as a hundred (fig. 1). The vessels are 
generally simple, but occasionally they bifurcate or are slightly 
branched, and in one rare instance give off short, lateral diver- 
ticula ; never exhibiting, however, the remarkable complexity 
which occurs in the parallel group of the Discopltores.* From 
the free margin of the bell hang a variable number of tentacles, 
some of which are a direct continuation of the radiating canals 
(Plate LXXXVIII., fig. 3); these which are first developed 
and always present, may be regarded as the primaries, and the 
spaces between them are often occupied by large numbers of 
secondary tentacular appendages (figs. 1, 2,), forming a bflwitiful 
fringe of delicate interlacing thr^ds. The tentada 
prehensile organ and instrument of offence ; it it w 

* Vide a paper by the author in the Popitlab Son 
April 1871, in which the points of agreement and contM^ 
groups of ihe Hydroida 9imA Duevpkora are {uHf \ 



342 



iVFBLu acnROB BBnmr. 



witli prominent groups of poigon-Leariug thread-cells, wkicb gire 
it a pretty beaded appearance and a deadly toueh (fig. 7, f). 
When the medusa swims, the arms are coiled in a spiral, aad 
are bonie"tightly twisted like a corkscrew;" when it is at rent 
they hang passively pendent, or are cast out to several tini« 
tlie length of tbe bell, and float in undulating lines througli 
the water. The opening of the bell below is closed by a mem- 
branous film (the veltim), with a circiUar orifice in the centre, 
through which the water finds access to the interior. ThJ* 
oeU is a continuation of the muscular layer which lines tbe entire 
eavity of the Bwimming-bell, and endows it witli ita remarkable 
contractility. 

There only remain to be noticed tJie simple organs of Ben* 
with which the locomotive zooids of the Ilydroid are generally 
furnished, but which of course are altogether wanting among^ 
the fixed and vegetative members of the colony. These are ot 
two kinds : the first consists of a collection of pigmentr*clls, 
forming a coloured spot or ocellus, and inclosed by a deli- 
cate membrane (figs. 7, 8). In some cases a crystalline body, 
a refracting lens, is embedded in the pigment-mass, and weaiB 
naturally led to rt^rd the whole structure as an eye. Ev«n 
when the lens-like body is wanting, the elements that remain 
may possibly constitute a liglit-perceiving or^aa of the simplcrt 
and most rudimentary kind. The ocelli, which are often dark- 
red or black, are borne on the bidbous enlargements firom which 
the tentacles spring (fig. 3). The remaining organs of eeofie 
that occur on the medusa are certain minute sacs developed on 
the margin of the swimming-bell, in each of which one or more 
refractile spherules are inclosed (fig. 2 ; in this species they 
are very numerous). They have been regarded as organs of 
hearing, from their supposed resemblance to the auditory sacs 
that occur in other classes ; but there seems to be no real 
analogy between the two, and accordingly some of the ableat 
observers assign them a visual function. It may be impossible 
to determine the precise significance of these primitive stnio- 
tures ; but we shall liardly err in viewing them an sense-organs 
of the simplest type correlated with the habits and needs of a 
free and active existence. Though almost universally present, 
there are a few known cases in which they seem to be wanting. 
The medusa represented in oui' fig, 3— a remarkable form, which I 
have lately obtained, and which is still undescribcd — is destitute, 
at least in its earliest stage, of hotli ocelli and marginal aac 

Tile nervous system of tbe medusa, if such should exist Id 
any specialised form, has certainly not been detected in Ute 
vast majority of known Hyciroids ; and though such u sfvUsn 

ki far M is known at piment, thn iva Mnw-orgiuia {Utt oedlM ■ 
Viunl lac) iwvet (:xiBl toi^i^wt au>.^io*««ew«tii*. 
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has been described as occurring in a few cases, we are justified, 
I think, in waiting for further testimony before coming to any 
positive conclusion on the subject. As sense-organs make their 
appearance along with a free existence, we sliould naturally 
look for the dawn of the ner^•ous system at tlie same point. 

So much may suffice as to the general plan on which the 
Hydroid medusa is organized. I wish to avoid unnecessary 
detail, and to fix attention on the cardinal points of structture, 
and especially to emphasize what may l>e called the artistic 
and aesthetic aspects of my subject. Xo teclmical description, 
however minute and accurate, can enable us to realize the dis- 
tinctive beauty of these fragile beings. Not merely are the 
forms graceful, and the curves faultless, and Die colours vivid, 
but an additional charm is imparted to all of tliem by the deli- 
cate and transparent material in which they are presented. 

Perhaps the portrait of an individual carefully executed may 
give the best idea of the kind of beauty that Wongs to these 
"wandering buds," and may serve to justify the enthusiasm of the 
naturalist about them. I will select as my " sitter " a medusa, 
certainly one of the most lovely of its kind, which made its ap- 
pearance for two successive years in a friend's tJtnk, but which we 
were never able to trace to the parent stock (Plate LXXXVIIL, 
fig. 2). No doubt in some chink or cranny a charming little 
colony of polypites was concealed, which supplied the annual 
medusan brood, but it baffled oiu: keenest search. I am not 
aware that the pedigree of the form which I am about to de- 
scribe has ever been made out ; it is probably one of the un- 
attached.* Imagine, then, a minute crystal globe, the surface of 
which is thickly dotted over with thread-cells, making it ap- 
pear as if delicately frosted ; from the free margin hangs a 
graceful fringe, composed of twenty beaded tentacles, springing 
from as many bosses of a brilliant green with metallic lustre, 
which girdle it as with a belt of emeralds ; amongst them are 
placed a number of the supposed eyes, each with its refractile 
corpuscle ; the pendulous sac in the centre of the dome is dyed 
with the richest carmine, and tipped with the purest white, 
while the ovaries on the course of the radiating canals, shower 
masses of pink through the walls of its translucent bell. The 
coloui*s are wonderfully brilliant, and the green tentacular 
bulbs almost glitter like gems. It was the prettiest sight to 
watch this little hydroid, with its painted and jewelled disc, 
now darting through the water with contracted arms ; now 
sinking slowly, like a balloon, with some of its tentacles ex- 
tended laterally as if to regulate its descent, and some hanging 

* It 18, no doubt, the reproductive zooid of a Campanulorian Hydroid, and 
may belong to the Genus Campanviinay ot a netvi vW^. 
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below it ; now ancliored to the Iwttom of tlio vessel and f«stii| 
out ita tines in search of food. When engaged in fishing, ft 
attaclied itaelf by means of a few of its tentacles, while tlie 
rest were tlirown out in all directions and to amaziuf^ (list&nes, 
and appi'ared as the finest and naost attenuated threads. Tbe 
extremities at such times exhihited aconstant tremuluns mort- 
ment, as if they might he feeling about for the mJuiite o^ 
ganisms on which the medusa feeds. Then it would suddeslr 
gather up its fishing-lines, and rise by a series of rapid jeii» 
to the surface of tbo water. This exquisite species, as I have 
stated, has not yet been refeired to a fixed stock ; it ia one of 
a large company, which remains to stimulate and reward the 
researches of the zoologist. These unattached medusae u* 
single chapters of as many charming biographies still unread; 
tliey suggest to us the existence of a host of graceful fomus 
which, when discovered, will fill many a gap in our syetemSi 
and add many an interesting- page to Hydroid history. 

The medusa, at tbe time of liberation, is in most cases Cv 
from having atta,ined its perfect form. Eemarkahle chanj^ 
subsequently take place in a large proportion of the kJuilsi 
which BO completely alter its aspect that it might pass, and 
lias often passed, in its adult state for a different species froA 
its young self. Indeed several species have been formed out 
of tbe various stages of one and the same hydroid. The 
changes affect the size and form of the smmming-bell, and 
the nuTnber of many of the other organs. In fig. 5 we har* 
the early, and in fig. H the adult state, of the same medun. 
The deep bell of the one gives place to a flattened and ex- 
panded disc in the other. The two tentacles present at hittfa 
multiply into about forty, and there is a corresponding incmae 
in the number of the marginal organs of sense. In some c 
(Plate LXXXVIIl., fig. 1 ), the change ia carried still further; the 
radiating canals, as well as the tentacles, multiply, so that tbe 
four with which tbe young is (probably) furnished, are repre- 
sented by sixty or eigbfy in the adult. 

One of the largest of the hydroid medusse {Zygodacilya^ 
closely related to the form represented in tig. 1, which tiuia- 
sures some fifteen inches in diameter and is furnished with IflO 
radiating vessels, is not larger than the head of a pin in its 
early condition, has only four canals, and is moreover de\-eloped 
from one of the smallest of polypites. Growth must proceed 
rapidly in these ephemeral beings, which run their whole co 
in a single season ; they are like the annuals of the vegetable 
world, which pass through the entire cycle of their exixtenoe 
and perish in a summer. It must be noted that these changM 
are merely illustrations of the vegetative tendency to a repeti- 
oarts, which is charaeteristic of the zoophyte, and \» «a 
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strikingly manifested in the complex ramification and the many 
polypitca of its plant-like colonies. 

Besides the changes that have been enumerated, others occur 
in the digestive sac, which sometimes attains an extraordinary 
development in the adidt, and can be extended far beyond the 
opening of the swimming-bell (Plate LXXXVIIl., fig 4), In 
one genus {Syncoryiie) it stretches out to two or three times the i 

length ofthe body,ttndis capable of the most active movement. i 

This remarkable development of the stomach is accompanied | 

by a voracious appetite. . 

It is of this form that Edward Forbes writes : " An animal 
that can pout out its mouth twice the length of its body, and i 

stretch its stomach to corresponding dimensions, must indeed I 

be ' a Triton among the minnows,' and a very terrific one too. \ 

Yet is this ferocious creature one of the most delicate and | 

graceful of tlie inhabitants of the ocean — a very model of 
tenderness and elegance." 

Reproduction by budding is a familiar fact in the history of i 

the zoophyte, and it enters into that of the free as well as of the 
fixed element. Some of the meduss produce buds which 
Assume the form of the parent, and probably repeat its life. 
They are Ixtme in various positions ; in some cases springing 
from the bulbous bases of the tentacle*, or from the tentacle 
itself; in others from the base of the digestive sac ; and in one 
instance, at least-, from the margin of the bell between the ten- 
tacles. And these buds may themselves produce other buds, so 
that two generations may hang from the body of the primary 
zooid before its separation from the parent stock. Development 
takes place rapidly; three or four days suffice for the completion , 

of a brood, and before it is mature it is itself budding. We do 
not know the limits of this process, but the number of genera- 
tions originated by a single medusa is probably very great. 
With these facts before us, we cease to marvel at the myriads 
of these organisms that swim in certain seasons near the sur- 
face of the sea. Indeed, apart from this reproduction by bud- 
ding, which has only been noticed in certain species (though 
probably it is commoner than we suppose), there is ample pro- 
vision for an abundant supply of these " floating nurseries." 
They are cast off in incalculable numbers from the hydroid 
colonies. In some species each polypite bears a brood ; in 
others each shoot is laden throughout with graceful urns, in 
which not a single medusa, but a whole tribe, is nurtured. 
Probably there may be more than one brood in a season. Then 
consider the immense acreage of the zoophyte crop on the 
shore and the sea-bed, the forests that overspread tbe algffi, 
the populations that hide in well-nigh every chink and cranny, 
and plant themselves on almost every spot where they can get 
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a fooiiDg, and you nill tinderstand bow tbc raniaib of 
cover the surface of the sea benealfa the summer sns, 
it glow through the sninmer night. 

Alexander Againz tells U3 that one of the )iaddin<; IdndG. ip- 
propriately named ^^fulgumns " (" light-flagher "), is sometime* 
so abandant off the Amerii'an coasts, that the sea. when div 
tiirhed, is brilliantly lighted by it^ blue phosphoresceni-e. And 
of another species he says that he had oftea found the whote 
Riirface of the water, for several miles in the Gulf of Geot^a, 
thickly covered witli it. 

To return to our budding, the case which we have hMA 
considering is simple enougli, and in harmony with the whole 
course of hydroid history. But the &cts now to lie noticed ire 
anomalous and difncult to interpret. A medusa lia^ been ob- 
Berved to bud off young within the cavity of fht? stomach, and 
tliese, when developed, have tjiken on a form vltick ia (oftttty 
ujUike the parciit ; wliich belongs, indeed, to the medma et 
another, and very different Family. In other words, t wo distinct 
types of ine<lu?a originate one from the other and form {axtl 
of one and the Name life-seriea. These observations, if cornett 
are certaiuly startling; we are scarcely, I think, in a poEitiOB 
at present to delermine their true signilicance. Itwcnildbt 
satisfactory to have tliem conBrmed, eminent as the authoritiw 
are to whom we owe them, and to know more than we now dft 
both of tiie earliewt and of the later stages of the remarlnlk 
life-history. If it should prove to be a fact that one hyifanid 
medusa may originate another by gemmation of an entirdy 
different generic type, we must materially enlarge our con- 
ception of the polymorphism of the zoophyte, and modify our 
systematic views. So remarkable a divergence from the direct 
line of development would open the way for much curious 
speculation. The observations of Ifaeckel and othera on this 
point are deeply interesting, and indicate to the zoologist a 
most fruitful field of reseai'ch. 

I have spoken of the swimming-liell a.-> the characl^rirtie 
feature of the medusa ; hut there exists a small group of forms 
ill which it 19 suppressed, and its place is filled by a totally 
different locomotive organ. In Clavatella (Plate I.XXXVIII., 
fig. 8) the contractile float is wanting, and we have an amhiilatoi^ 
medusa, wh icli moves ahoul, leisurely on suctorial feet, or climba 
by tLeir aid among the algic. In this remarkable crisittirc, the 
general form of the medusa is preserved, the i-adiaLing caDahi 
are traceable in the wnlla oflho hemispherical body, the ocelli are 
conspicuous at the hose of the tentacles, the portion of the 
central sac lieariug the mouth hangs below the diKC ; hub Uw 
l)cautiful contractile float is missing. lu its ah:<«>Deu, howHItt 
a uow cotnpviuaiVve c\ifmcvt\, Tni^«%v\«Q.\i^(^i:«xvt?\\\&fttjai|^^H 
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gives off a branch, which terminates in a sucker, and by 
means of these suctorial appendages the ClavateUa traverses 
the small rock-pools in which it finds a home, or mounting the 
tufts of sea-weed, seeks its food among their branches. A change 
in habit^ mode of life, and range of distribution, accompanies 
the modification of structure, and the ClavateUa appears to be 
separated from its kindred by a much wider gap than really 
exists. We have an interesting transitional form in Cladoneina 
(fig. 7); in this case the bell is fully developed, and the 
creatiu-e is an active swimmer, but the tentacles (fig. 7 t) are 
furnished with the sucker-bearing branch (fig. 7 «), and it thus 
enjoys the means of rapid locomotion and attachment at plea- 
sure, in combination. It does not appear to use its suckers as 
feet. In its adult state the tentacles of Clculonema bear several 
branches, and at least two of the sucterial appendages ; but, as 
I have lately had the opportunity of observing, iu an early stage 
they are as simple as those of ClavateUa^ from which they only 
differ in the presence of a larger number of the groups of thread- 
cells (vide fig. 7 t). It should be remarked in passing that the 
free zooid of ClavateUa^ though of medusan type, makes a near 
approach to the polypite, and is an interesting link Ixjtween 
the two principal elements of the Hydroid colony. 

Besides the ambulatery medusa, only one other deviation 
from the normal condition is known ; it occurs in the loco- 
motive sexual bud of the genus Dicoryne (fig. 9). In tliis 
extraordinary fonn the medusan structure seems te liave 
vanished altogether. It consists of a closed sac covered with 
cilia within which the generative elements are developed, and 
bearing at one extremity two ciliated tentacles. It is clearly 
an intermediate form between the fixed buds, which in many 
hydroids discharge the generative function, and the ordinary 
medusa. In brief it is the equivalent of the ccjntral sac (fig. 
7, 771) of the medusa, minus a Kwimming-lx?ll and its app(fn- 
dages, made locomotive by the aid of cilia ; and the two ten- 
tacles may be regarded as rudiments of the contractile disc, 
the development of which has been, as it were, arrestxjd in 
linnine. 

But I must pass on to notice; briefly the most important 
phase of the life of the medusa. It is its specific function te 
give origin, directly or indirectly, te the generative clementHy 
and with the scattering of the seed its work is accompUshacL 
In one section of the Hydroid medusae, the ova andipen 
are produced in the walls of the digestive cavity 
in another, they originate in special sacs, 6r 
course of the radiating canals f fig. 2, o, o)» 
long been regarded as the ovariea (or spermt 
has shown that in many cases at leub 
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identical with that of the sexual buds, which continue attached 
to the colony, and mature their producia m situ. He 
therefore views them as definite zooids, co-ordinate with tie 
polypite and the medusa, and not aa mere organs. Id sach 
cases the medusa is a mere carrier and nurse of the sexual 
buds, which form a separate term in the complex life-«eries of 
tho species. But leaving these transcendental matters, whether 
in ovaries or zooidal sacs, tlie medusa originates the seed of 
new generations ; and with t)ie escape of the embryos, and 
their dispersion through the waters of the sea, its existenoi 
probably terminates. 

The Hydroid embryo (or pUtmila) (fig. 10) Is an elongated, 
cylindiical body, thickly clothed with cilia, which after a short 
term of free life, fixes itself by one extremity, loses ita loco- 
motive organs, and is moulded gradually into a polypite — 
the first term of a new series, from which by repeated buddings 
the complex, arborescent colonies, and the graceful meduaaa 
forms, will be evolved in due succession. 

Towards autumn chiefly the medusm seem to congre^te 
for the purpose of spawning, and on warm, still days, certain 
species swann in immense shoals near the surface. Their 
fragile forms are ill-suited to face the tumult of the waters, and 
large numbers of them are found floating dead after storms. 
The !<maller kinds sometimes fall victims to rain-water ; and 
Agassiz has noticed that their total disappearance from the 
neighbourhood of the wharves, about which they congregate, 
"uniformly coincides with fceavy rainfalls, while the larger 
species survive." Some are so frail ns to be imable to reiast 
the action of the light and heat near the surface, and con- 
sequently swim at a considemble depth below it. Tliere seem 
to be diversities of temperament amongst them, but most of 
them are vivacious in their habits, moving about "with the 
greatest freedom and energy ; " and it must be added that, 
with all their grace and tenderness, they are indubitably 
voracious ! 

The phosphorescence, for which they have long been celebrated, 
is confined to certain species ; and in them it is localized in 
certain portions of the structure. The painted bijlbs of the 
tentacles sometimes glow with vivid lights, under fhc stimnlus 
of irritation, without which the fires refuse to kindle ; and the 
margin of the crystal bell is girt with a wreath of brilUanta. 
The phosphorescence also connects itself specially with the r 
productive system, and sometimes the central pendant is i 
ablaze, and thousands of little lamps illuminate the dark 
waters around. 8ome species emit flashes of coloured light. 

The Hydroid meduste, like a host of other marine ooatsni 
' -e obtained m t\ie\T aAv&\- 1iIa.\« V] ^^:^« vae oC ^Ibe tow- 
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net. On calm warm days in summer and autumn— cTreamj^ 
days are the best — a bag of fine muslin fiEwtened to a stout ring of 
wire, and towed at the stem of the boat, will gather a rich har- 
vest of beautiful forms* The student will have a fair chance of 
obtaining some specimens in which the ova are far advanced 
towards maturity, and may possibly be fortunate enough to 
keep them until the embryos are discharged. If he can rear 
these into polypites he may complete an imperfect life-history, 
and fill up one of the many gaps in our knowledge of the tribe* 
This has been done in a few cases ; by care and patience it 
might no doubt be done in more. 

And even those who are not prepared for any profoimd study 
of the structure and history of the medusae may find the tow- 
net a not uninteresting resource during their visits to the sea ; 
and if they have any sensibility to beauty in their souls, can 
hardly fail to derive the highest gratification from watching the 
exquisite forms and movements, and the singular habits of 
these " animated bubbles." 



DESCRIPTION OF PLATE LXXXVIII. 

FlO. 1. Crematodomajlavaf A. Agassiz. 
„ 2. A Caoipanularian medusa, not jet described (?). 
,, 3. The free sexual zooid of Lai' SabeUartnn, Gosse. 
„ 4. Tima formosa, Agassiz. 
;, 5. Oceania lanffuida, A. Agasaiz (the youDg). Probably the gono- 

zooid of a Campanulina, 
,f 6. The same, in the adult state. 
^ 7. Cladonema radiatum^ Dujaidm. The medusa in an early stage of 

its development. 
,1 8. Clavatella prolifera, Hincks. The ambulatory zooid. 
„ 9. Dtcoryne confcrta^ Alder. The female natatory zooid ; an oyum, 
, with its germinal vesicle and spot, is yidble within the cavity 

of the body. 
„ 10. The Hydroid plamda or embryo. 

[Figs. I, 4f 6, and 0, are after Alexander Agasdz; fig. 9, after Allman; and 
the rest from drawings by the Author.] 



THE FIRST CHAPTER OF THE GEOLOGICAL 
RECORD. 



By DAVID FORBES, F.R.S., ic, 



THE terra Geolojfy, which signifies the science nf the eaxQl, 
being derived from the two Greok words, V^ **tJ» 
earth," and Aoyow, " a word or argument," has bei-n vartoady 
interpreted by different writers on the subject,* During the 
last generation, geology, as a science, was studied alto^tther 
from a purely mineralogical and physical point of view; as 
interpretation which became completely reversed when the 
introduction of paleontology, called in as an aid to its etudy. 
so absorbed the attention of the majority of geologists, to the 
exclusion of almost all other branches of the sdciice, that most 
of the later works on geology, especially here in England, may 
be regarded rather as histories of the development of life upon 
our globe than treatises on its geology iu its more extended 
sense. 

A perusal of most, even of our best-known manuals of geo- 
logy, will Dhow that their contents are almost entirely devoted 
to the fossiliferouB strata, commencing their descriptions citber 
with the most recent formations, and proceeding backwards 
until they stop at those more ancient ones, in which only 
traces of organic remains have as yet been discovered ; or vice 
vei-fia, beginning with tlie lower Silurian or Cambrian rocks or 
in later years (since the discovery of that most perplexing 
organism the Eozoon Canadense) with the I^urentian forma- 
tion, and treating the others in ascending order up to the 
present time: a system, which in either case makes the stu- 
dent feel the evident want of a beginning or first chapter in 
the geological record, whilst at the same time it imposes, as it 
were, a dictatorial boundary to his field of research in a similar 
manner to what it would be, if be was told, when studying 

* Including the Etrangely inapFrojinAte npplicntion o( tlie torin hy SI. 
Meunier, who writes of the " Otology of the Ht^arons ! " and hu lately pub* 
TiahAd a work entitled " Le C\e\ 6^o\f>^'\vier Ykp»,\K1\. 
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ethnology or the history of mankind, to ignore everything con- 
nected with the subject before printed records existed, or as if 
an astronomer was advised to discard all discoveries of which 
he had not tangible evidence as to their correctness. Just, 
however, as the recent advances of the collateral sciences have 
cleared up so many difficulties, and have added so much to our 
knowledge of prehistoric times, and the condition of the 
human race in earliest periods, or of parts of the cosmical 
system, which the astronomer of old could never even have 
imagined to be within man's power of investigation ; so it is to 
be expected, with the aid of oiur daily improving information 
and appliances, that proportionate advances may also be made 
in our knowledge of what may be termed the prozoic history of 
the earth ; that is to say, of the different stages through which 
our globe has passed before it became fitted for the habitation 
of organisms even so low in the scale of life as are met vrith in 
the previously mentioned formations, which modem geologists 
appear so often to regard as the very ultima thule of their 
investigations. 

On the present occasion it is proposed to make an attempt 
to sketch out such an introductory chapter in geology as is 
here referred to, premising, however, that from its very nature 
it cannot be other than in the highest degree theoretical, and 
must be regarded only as an essay, in which the more recent 
discoveries in physical and chemical science are appealed to in 
elucidation of a subject which, without their aid, would be all 
but unapproachable ; and this is here brought forward in the 
belief that attempts made from time to time, to generalise and 
put into shape the somewhat disconnected facts and observa- 
tions relating to this subject, cannot but do good, notwith- 
standing that it must at the same time be self-evident that the 
views herein expressed will require to be modified from time 
to time, according as the progress of scientific investigation 
furnishes more reliable and extended data for generalising 
upon than are in our possession at the present moment. 

As is well known, even the most ancient philosophers enter- 
tained the opinion that our globe had not always been what it 
was in their age ; that it had passed through varied phases, 
and that it once upon a time had even had a commencement 
to its present career. Later on, when astronomy came to be 
studied as a science, astronomers went still further, and rea- 
soned from a consideration of the earth's form, &c., that it 
must at a remote period have been in a fluid, or at least plastic 
condition ; a result which the subsequent observations on the 
temperature of the earth in depth and the products of volcanic 
action confirmed, and led to the conclusion that our globe 
must once have been a sphere of molten matter^ \vhicli h&d 
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Bolidified OD its exterior, owing to the cooling action of Uie 
surrounding air. The celebrated Laplace went still farther, 
and, from a consideration of Herschel's researches on nebulffif 
propounded his so-called nebulous theory of the earth*s origin, 
according to which our sphere owed its existence to the aggre> 
gation and condensation of nebulous matter. The state of the 
natural sciences of the period was not, however, sufficienUj 
advanced to fiu'nlsh means by which this theory of Laplace 
could be either confirmed or disproved, so that it was long 
looked upon as a visionary hypothesis which was never even 
imagined as likely to be so &r confirmed by future discoveriei 
in science, as to become at this moment the most plausible 
explanation of a beginning ot our world which ha« as yet been 
put forward. 

This being the case, our chapter of genesis eommcncea by 
assuming the nebulous theory of the origin of our globe as the 
starting-point ; and the first stage in the history of the earth ii 
consequently the aet of aggregating or segregating the neba- 
lous matter in space or, in other words, of gathering together 
in a gasiform condition the chemical elements of which tho 
earth, with its surrounding atmosphere, is actually com- 
posed of. 

The consequence of the coming together of these element! 
would, as chemistry t«aches us, result in their reacting upon one 
another with intense energy, giving rise to the development of 
both light and heat, and forming numerous chemical combina- 
tions, the nature of which would be dependent upon the 
mutual affinities of the elements themselves, and the relative 
proportions in which they were respectively present in Hat 
admixture of gases and vapours. The more simple or binary 
compounds would naturally be formed first, such as the oxides, 
sulphides, chlorides, &c. ; but these in turn would combine 
mter ac producing salts anil other compoimds, amongst whidi 
the silicates played a very prominent part. 

The final result of this groat diwplay of chemical energy 
would be to change entirely the nature and appearance of He 
original nebulous gathering of gasiform matter, for as soon as 
the chemical action had come to an end, by far the largest 
proportion of the newly-formed substances would no longer be 
able to retain the gasiform condition at the lower temperature 
which then ruled, and would be condensed into fluids wheo 
the whole would assume the shape of a sphere of molten 
matter surrounded by an intensely heated atmosphere of such 
of the other compounds and free elements as could still remain 
volatile at this temperattire. 

This period might be termed the second stage in the history 

the earth, and '\i vsasdssA. vaVo innTO cIowIy, it would te 



1 tbat nriOcrAe 
iliiig it was of nBfixflA \\ Tmi h ri r thzoo^Hxt i bus owiii:; 
ith of them hesa^ nade- np'il ^ anmber *ji tfrwrnifTar sob- 
WB, the first hnpnhp of riie^ wffmij-ifxnked eompnmiiff 
d be to ober the Iswv of z r a^Itf bj arranyng themseircs 
» or leas completetr in AzstSi. or imxe eonvctlj nw iii ihjl^ 
B, in acGorduce with their respecciTe defucciak and tliie 
f of the compoeitifsa of the rocks now formfnif the cnrth*« 
rior, and of tho«e brooght up firom it» depcks br roleanic 
a, along with that of the relarrTe fpecific zraTitzes of the 
I accessible to onr obserration as ci>mpared to the deofitr 
le earth*s mass as a whole, leads to the deduction that the 
en sphere mi^t at this peri*>i of its historr be re^^arded 
ompoeed of some three great zones ^probablj with sub- 
b\ having the following general mineralogical charactenr — 
t. An exterior of molten rock of compazatiTely little 
ity which consisted of silicates^ in which an excess of silica 
to a great extent combined with alumina and alcali, but 
dining very little of the other bases, such as lime, magnesia, 
e of iron, <&c. 

id. A middle zone, also of molten rock (silicates), con- 
rably heavier than the former, and in which the silica, 
But in minimum proportion, existed in combination with a 
9 amount of the bases, lime, magnesia, oxide of iron, and 
lina, with but comparatively little potash, and, 
d. A central nucleus of very much greater density and of 
dlic nature, the outer part consisting of compounds of the 
7 metals with sulphur, arsenic, &c., whilst in the centre the 
ih themselves are probably in a free state, or as alloys, 
he constitution of the sphere of moken matter as thus 
nged would now present a general character of stability 
itained even after its solidification, due to the loss of heat 
ated from its surface, and the cooling action of tho external 
had commenced. In the atmosphere, however, the arrange- 
t of the gases and vapour in zones would be much less per- 
ent, as by degrees the zones would be more or less broken 
by the tendency which gases have to diffuse themselveH 
•ughout one another, as well as the condensation in succeH- 

of the different vapours contained in it, in proportion an 
temperature of the whole became more and more lowereil. 
he first instance, however, that stratum of the atmospheni 
b to the earth would l)e composed of dense vapours of such 
ipounds as are only volatile at very liigh tismiwraturi's, 
>ngst which several of the chloridces, and eKpc^cially th« 
)ride of sodium or common salt woidd Im* mont promiueut ; 
ve this a great zone of carU>nic a^'id t^as would pn^vail, tliKU 

of nitrogen with possibly the admixture ni iuaww i\v^sif!9^ 
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tind above tliis Kgain the vapour of wat«r in eDonnou 
quantity. 

The third stage in the history of the earth may now be said 
to have commenced, when the earth as a molten sphere sm- 
rounded by a furnace-like atmosphere began to cool tjown onitig 
to the loss of heat radiated from its eiterior into spa«%; bjr 
degrees a thin cnist would commence to form on the eur&ce of 
the molten rock which soon consolidated and exttmded overths 
exterior of the entire sphere, becoming thicker and thicker over 
the nucleus of molten matter until it otfered more and mow 
resistance to the passage of heat from within outwards, and tbns 
caused the rate of fiirther cooling to diminish greatly, and the 
more so from its being composed of a highly noncon ducting 
material. In time, therefore, the external surface of the 
earth would come to be barely red hot, and as soon aa this wa» 
the case we should find it become coat«d with a layer or incrtu- 
tation of the chlorides and other vapours hitherto held in no- 
pention in the heated atmosphere, but which now owing to tb* 
lowering of temperature would be condensed and precipitated 
on to the now consolidated crust of the earth. From the 
amount of the 8alt« contained in the ocean and known deposits, 
it has been estimated that the quantity of common salt alone 
wonld be sufficient to cover the entire sphere with a layer aome 
ten feet in thickness. 

As the process of cooling went on, as soon as the t«mpera- 
ture of the atmosphere had become so lowered as to be below 
that of the boiling point of water, the enormons amount of 
steam hitherto pervading its uppermost regions would naturally 
become condensed into water, and at once tall down from the 
heavens as » deluge of hot rain upon the saline crust covering 
thp sphere which it would instantly dissolve, forming the ocean 
wiiich would thus be salt from the very fii^t appeatance of 
water upon the face of the glol>e. 

The atmosphere now freed from the vapours prenoiulj 
diffused throughout it, would still be very different ftrom 
what it now is, as although it might contain precisely the same 
gases, these would, however, be present in vastly difierent pro- 
portions; it would mainly he composed of an admixture of 
nitrogen and carbonic acid gas, free oxygen if present at all 
being but in very small amount, for it must be remembered that 
the total amoimt of nitrogen and carbon contained in the eotir« 
animal, vegetable, and mineral kingdoms of the future, were at 
this moment held suspended in the atmosphere in the gsceona 
form. 

This state of things brings ns down to the fourth or last 
stage of the prozoic history of the earth since it required but 
M comparatively ahoit petvctd^o Vo-nex \\<bUim^rature suffioientlf 
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njien question, for wlieD we tate int:0 consideration the gn«t 
chaugea it must have experienced during countlees ages, ani] 
the vast amount of " debria " directly or indirectly the re«iilt 
of its wear and tear, which has been scattered all over the glolni, 
we can have no reason to expect to meet with any portion of it 
in aitu in any part of the world ; as, however, quartz is found 
to be the most preponderating of all the minerals composing 
the most ancient rocks, this fact confirms the view that the 
original crust must have been extremely rich in silica, much of 
wiiich no doulit would separate out from the other constitueut* 
in the form of quartz during the act of solidification. 

From this time up to the present age all the various change*, 
whether of mechanical or chemical origin, which have taken 
place in our globe have been brought about by agencies identical 
with those which we no* see in operation, although possibly on 
a somewhat diflerent scale ; stratified rocks became formed 
from the wear and tear of the primitive crust bv ai:^ueoiu 
action, precisely as at the present moment we see them recon- 
structed from the " debris " of preexisting rocks of all kinds ; 
the quartzites of the older rocks were formed from the com- 
minuted quartz out of the primitive crust, juat as the later sand- 
stones and grits, whilst the associated silicates owing to the 
action of carbonic acid and wat«r would be more or less decom- 
posed, thereby producing beds of clay and others of areno- 
argillaceous character, whilst the largest proportion of the 
alkalies contained in them, would in the state of carbonates be 
carried off in solution by the water to the ocean, where they 
would react upon and decompose any chlorides or other salts of 
the metal, or earths which they might encounter. 

Whilst all these changes were in progress, outbursts of fluid 
mineral matter from the still molten interior of the earth woidd 
from time to time continue to break through and disturb the 
primitive crust, and the rock strata in course of constmction 
above it, exactly as we at present see similar eruptions from 
volcanic centres, and as many of these would then as now take 
place at part* of the crust covered by the ocean, they woiild 
resiUt in production of vast volumes of submarine tufas and 
breccias which by the action of the waves would at once assume 
the form of ordinary stratified formations. 

With the exception, however, of some minor occurrences of 
c:ilc-tufas and precipitated carbonate of lime, no calcareoui at 
limestone beds were deposited during this early period, not 
were carbonaceous beds of any kind in course of formatioD* for 
the simple, reason that both these classes of deposits owe theil 
origin to the action of animal and vegetable organisms. 

The atmosphere of this stage in the earth's history wi^ 
however, vastly different fTOi:n.w\>aS. it \a*.tYire«jnt I tnatead *f 
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being as now compoied mamlT of oxygen and nitr^jgen. al>*n-^ 
with a small admixtme of carbonic acid gaSf it, ^pn the e»:*ntnirT 
contained so overwhelming an amomit of carb>>Dic acid and 
nitrogen gases with onbr a minute proportion of oxr^n < if 
any), as to be totally unfitted for the respiratioa of air-breath- 
ing animals, for which reason we find the first development of 
life of our globe represented by submarine or^ani^ms of the 
lowest type, and these followed by a great deveL>pmc>nt of 
vegetation, which by absorbing the carbonic acid gas, and 
decomposing it so as to assimilate the carbon c«:>ctained in it t'^r 
the benefit of future generations, whilst at the same time the 
oxygen was returned to the air, eo purified the atm«>?phere a^ 
to render possible the existence of still higher tjiie? of animal 
life on the surface of our globe. 
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PERHAPS most, if not all, animals have, io some degrw ^ 
other, the power of commimi eating intelUgence. For 
thifl purpose birds and mammals chiefly exercise the vocal 
organs, and many of these give manifest signs of a consideraUv 
acquaintance with the " art of talk," The parrot and prairie- 
dog, indeed, are reputed gossips ; and, as all the senses can b« 
made channels for intelligeace to pass along, ve shall perhaps 
find the voiceless fishes and serpents to be, like many other 
people, more sociably inclined when we know them better. 

Man, quickly cognisant of his own physical attributes, and 
finding his needa far exceeding their utmost avail, emplovB the 
subordinate forces of natiire, and extends himself. Ordinarily 
one man cannot speak intelligibly to another beyond a diet&nco 
of 200 yards, and the movements of a man 850 yards away are 
barely distinguishable. So no wonder we find that from very 
early ages man availed himself of penetrating sounds and con- 
spicuous exhibitions of motion, form, and colour for the pur- 
poses of telegraphy. 

For obvious reasons night signalling by fires and torches was, 
in early times, much commoner than day signalling ; and we 
are told in the classics that Clyt«mne6tra watched the beacon 
fires light up the hills across the ^^gean Sea, announcing tlie 
return of the heroes from "windy Troy," But even in these 
present days of the brilliant electric light, when a sunbeam can 
be flashed nearly 100 miles from a mirror, and the commercial 
marine code of flags provides for 78,000 distinct signals, the 
wonders of the electric telegraph far transcend all other modea 
of signalling ; and, although apathetically regardt^d by Brown, 
Jones, and Robinson, would not fail to excite the wildest but- 
pri^ even superstitious awe, in the breasts of those more im- 
pressionable ancients who passed away before the dawn of this 
tlic zinc and copper age. !%ov neAWi B^jextm «u v« hampeied 
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by distance, there is no interference from fog or wind, the great 
sides of the world are laced with a system of magic nerves 
which convey intelligence among its living members by an 
influence only less crude and gross tlian the subtle vehicle of 
animal sensations. 

The mere idea of a means of transmitting intelligence to any 
distance independently of the limitations of the senses does not 
seem to have readily occurred to our ancestors, not even to 
deep-thinking astrologera and those visionary alchemists who 
prosecuted so diligently their mythical researches after the 
elixir vU(B and philosopher's stone. It seems, indeed, to have 
suggested itself only after an apparent means had been dis- 
covered, and was, so to say, forced upon the notice of the 
world. 

Up to the beginning of the eighteenth century, in spite of 
all its latent wonders and unexplained mystery, the science 
of electricity, represented by the observed attractive power of 
excited amber, while being a source of marvel to all, was as yet 
a forsaken portion of the coimtry of science, apparently too 
barren and without promise to engage the notice and investi- 
gation of more than a few philosophers, among wiiom were 
Dr. Gilbert of Colchester and Sir Isaac Newton, But into this 
neglected and lowly field there went forth, as if by a natural 
similitude, an humble explorer to toil after truth. Honour be 
to Stephen Gray, pensioner of the Charterhouse, who devoted 
the last years of bis life to this work ; and, besides discovering 
that some bodies conduct electricity better than others, he suc- 
cessfiilly transmitted electricity, in 1727, along a wire 700 ft. 
long. At this time the only sources of electricity were glass 
and amber rods, so that the supply was very limited ; but we 
find Gray, with the prophetic penetration of genius, while 
revealing upon his death-bed the secrets of bis labours, antici- 
pating *' that there may be found a way to collect a greater 
quantity of the electrical fire, and consefinently to increase the 
force of that power which, by several of these experiments, si 
licet magna covipunere parvis, seems to be of the same nature 
with that of thunder and lightning." 

" The inventions of the electrical machine and the Leyden 
phial," says Sir William Thomson, *■' immediately fulfilled these 
expectations as to collecting greater quantities of electric fire ; 
and the surprise and delight which they elicited by their mimic 
lightnings and thunders, and, above all, by the terrible electric 
shock, had scarcely subsided when Franklin sent his kite mes- 
senger to the clouds, and demonstrated that the imaginatii 
had been a true guide to his great scientific discovery, the 
identity of the natural agent in the thunderstorm with the 
mysterious influence produced by the simple operation of 
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rubbing a piece of am})er, which, 2,000 years Iwfore, lind 
attracted the attention of those philoeophers among the uicienti 
who did not despi^ the small things in nature." 

The discoveries and esperiment* of Steplien Gray awakened 
fresh enquiry into the long-neglected phenomenon of the amber 
tear : but, although Bimulta.ueourij ure find Wat«on in EngUnd, 
Du l-ac in Switzerland, and Franklin in America, transmitting 
the " electric tire " to great distaneea, it does not seem to have 
occurred even to the reflective mind of the latter that an inld- 
ligent and obedient thunderbolt was forged and already in tlieir 
hands. The first published appropriation to the purposes <if 
telegraphy of Gray's experimental proof that electricity 
travel along wires, is to be found in the " Scots' Magazine " for 
1753. One "CM.," writing from Renfrew, there detsila a 
scheme for the construction of a land tele^^ph ; but^ aJtfaougb 
this was sufficleirtly gtartlinj; to turn attention to the realisation 
i)f the idea it put forth, all efibrts to -e&ct a successful 
summation were unavailing, owing to the insurmountable diffi- 
culty of preventing the frictional electricity they had no choire 
but to employ, from escaping out of the wires they used. But 
Nature, with a kindly accordance to our wishes which we some 
times see in her, bad provided a less refractory and more docile 
kind of electricity, which was all around us, liu-king like a diy 
fairy among tke atoms of all metallic and non-metallic bodie«, 
whatever their guise, in the great kingdoms of solid and floid 
matter. And, with a praiseworthy liberality, she seems to bavt 
decreed that some familiar products of industry should yield us 
the best supply. In the minerals zinc, iron, copper, and 
carbon, water and the common acids, we have a stiuroe of 
electricity which fer-seeing Stephen Gray could scarcely have 
dreamt of, and which we might still have been ignorantly 
stumbling about in the dark, but for the fact that tfaeiB 
occurred to a man of philosophic spirit one of those chance 
discoveries which seem to be insepambly connected with tlw 
prioress of electrical science. As early as 1767, we are told, 
Sulzer had diecoveied that pimgent sandwich of the tongue and 
two dissimilar metals, as zinc and copper, which now " e 
school-boy knows ;" but in this case Nature had l>eeu somewhat 
careless in the casting of her pearl, and twenty-three ye&r> 
passed away ere she astonished the eyes and fired the enquiring; 
mind of Galvani with one of her coy revelations. Madatoe 
'Galvani, having caught a slight cold, was recommended to ti; 
frog-broth ; and while, like a good housewife, she was inspect- 
ing the skinned victims, which, by the way, occupied the som«' 
what unattractive position of a place on an operating table ia 
the pmfessor's lalxiratory, dhe-observed startling convulsions in 
■Ui9 dead froga' UmVta everj -tvme ut. ae&Ut&nL, who was present. 



drew sparks firom an deetrie mafhfiir afaiffng bir. Of ^nnrat 
she told her husband ; and, ttaa^j e&ja^iL, kx T>du^ jr>r 
he noticed a similar eSket in iome fro^* limh* -mb^MixL irau£ zj %. 
copper rod from an iron balnstzade. hirii>pHiiit*nn ji "Jutt l^-tfil!7 
of the electrical marhine. Judging from mbmstrjti^ -zxsiEfi- 
ments, he explained the last ph^nomex^xi b j noffjon^ & *o 
ciiic Idnd of electricitr to resde in xhit xherr^ab. ^sti zk::^, i 
through the metals into the mascl». xhz^tw it^ lac^f ix%/ is^Cr- 
vulsions. But to Volta, {Hofeaisor ijc pcjacs a:: Parfa. vt L:«r 
indebted for the true expianati*>n thar rb; *▼"> z>ecu ir.c uii 
copper) of the skewer and balostiadR; w<cri; *hj? r<al -r-Jrvirrri- 
meters ; and, in proof of thLg, Vvlta c»>n5tr3f Acti tir prj^^'rsj::-.*' 
of a great race of important agents ot cirilisari :=.— zijz xzi^ uii 
copper ** pile.** 

It was not a difficult thing to iniiilate or co&ni^tLr ^l«<t;^TT 
of the voltaic pile, and the progress of ekctiic iKJrsiC^ziir wh§ 
thenceforth rapid, but not until Pro&siBor 'Jersr^ ^A ^i-j^^azr 
hagen, in 1820, discovered that a current of ^leccjicrrj iir&^.'r^rd 
a magnetic needle in its neighbourh^^jd, and ScLT^i^^:^ ^A 
Halle applied the fiurt, did the hevdav <tf telegraph v dawn. 

Since then, the extent to which the ici*iLoe in it» Tbt»>r<$^efei 
and practical bearings has developed, and the peif^c^cti'Xii it Lae 
reached, are extraordinary. Puck could put a girdle r>U2id tije 
earth in forty minutes, but we know that a tel^japit cl^rk. or. 
indeed, any one amongst us, could greet the zmiyj^at er^r 
Puck had bidden us good-bye. Submarine ca}.'le« are beiii^' 
laid in every sea, and caUe stocks are a safe inveiitixMf&t. \^r\ 
8oon a fourth cable will be laid direct to America. andL perbaj » 
before next summer, Mother England will give her apr^ii tr.riii/ 
direct to Bermuda, and extend it to New York aiid Brazil 
J^and lines, with that daring often di^layed in bpideri^' vi^t 6. 
cross each other in all directions, and penetrate hjcifjvt the 
wildest continents. 

Of all men connected with the progress of electrical science 
as a whole, and particularly of submarine telegraphy, we are, a6 
is well known, chiefly indebted to Kir William Thomison. not 
only for his brilliant mathematical investigations and deduc^ 
tions, but for the utility of his practical inventions in the bliape 
of electrometers and otJier instruments more closely connected 
with the practice of telegraphy. It was his delicate mirror, or 
reflecting galvanometer, which lifted the first Atlantic Cable 
Company out of the mire into which they had &llen for want 
of a more sensitive interpreter of their messages. In this 
instnmient there is an arrangement of small magnets with a 
miniature mirror attached, weighing about a third of a grain, 
the whole suspended by a single fibre of unspun silk ; and the 
current coming from the sending station b^Sxi^ ^^jamr^. x^^s&&. 
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and rouDd it, deflects the magnets and the mirror with them. 
A beam of light proceeding from a lamp is reHeeted off th* 
mirror on ta a. screen, and moves when the mirror mevt-a. The 
clerk at the receiving end patiently ol»eiv«s the motions ut 
tliat spot of light upon the screen, and from ihem inbefpre(« 
t)ie message. 

There have been recording inetnunents for land UoM of 
great diversity and utility. There are instruments in uw at 
present wliich record or write down the message by chemical 
action, which emboss it or daub it in ink, which print it ia 
Roman characters, and which can even reproduce a sketch of a 
criminal's features. Of non-recording inatrumenta, those gene- 
rally employed are the *' single-needle " instnmient, in whici 
the right and left movements of an upright needle involve the 
message ; the " sounders," in which two bells of different pitch 
are struck ; and a receiving machine, in which a moveable 
pointer indicates letters on a dial. But until lately the mirror 
galvanometer was the only instrument used upon long cablo.. 
The inventor of that invaluable current detector has, however, 
designed and patented a new self-recording instrument, destiiud 
to relieve the weary watches of the telegraph clerks, and to 
emancipate those " slaves of the lamp." Sir William Thomson's 
patent siphon recorder received its name from the pen which 
writes the message being a little siphon, which draws off ink 
from an ink bottle by one end, and squirts it upon a runniBg 
strip of paper by the other ; but the essential principle of the 
instrument is that of the galvanometer, so to say, inverted. 
Whereas in the latter the coil of wire through which tin 
current of electricity from the dicitant station travels is Qxei, 
and the magnets moveable, in the recorder the magnets m 
6zed, and the coil moveable. Just as Oersted found that 
every conductor conveying an electric current acts upon a 
magnet, so Faraday perceived that a magnet acts upon a ooih 
diictor carrying a current, Since the earth behaves as a gmt 
magnet, and the animal body is a conductor, though — luckily 
for us in thunderstorms — a poor one, it is a fact that ooa 
cannot walk in an east-and-westerly direction, so as to cut tbo 
lines of terrestrial magnetic force which run approximately 
north and south, without establishing a difference of '* electric 
potential " between his two extremities, which, if joitwd 
through a current indicator delicate enough, would give riM 
to an electric current from the one extremity to the oth«T. 
On the other band, if a current is sent through a peraoo fniD 
his head to his feet or from his feet to his hend. he will be 
subjected to a real mechanical impulse in a direction aorofli 
the magnetic meridian, but all too feeble to be sensible. Ia 
the siption xecoidei a <:q\V <if Vuk u vos^ft&Asd Iwtvaen tlie 
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poles of a powerful electro-magnet, and the electricity coming 
from the cable is led through this coil, which thereupon expe- 
riencei' a -force, and is deflected. The siphon, with ink con- 
tinually jetting from it in a fine rain, is connected with the 
coil so as to move when it moves from side to side across 
a narrow riband of paper which travels past the point of the 
siphon. The paper moves with a certain velocity, and receives 
upon its sui'fikce the track of the ink-shower in a straight line 
when no message is being sent, but in an irregular, wavy line 
when the siphon is recording. 

The siphon (s) upon fig. 1 [next page] is about the thicknesa 
of a horee-hair, and is made of capillary tubing bo tine in the 
bore that ink will not run in it owing to the influence of capillary 
attraction. In order to make it squirt upon the paper, the ink 
requires to be electrified to a higher (positive or negative) 
potential than the paper. This is effected by an arrangetneiit 
which generates electricity of high potential, and, as ita form 
in the recorder bears a strong resemblance to one of those 
drums turned by white mice, and the force necessary to rotate 
it haa been reckoned in " mice-power," it ha« been termed the 

The principle of the mouse-mill is that of statical electric 
induction — -the name given to that property by which elee- 
tiicity on a body is enabled to draw forth electricity of an 
opposite kind to itself upon the nearest parts of any neigh- 
bouring conductor, and to drive electricity of the same kind as 
it«elf into the parts remote. The mill-wheel is a noncon- 
ducting disc of ebonite, with composite carriers of brass and 
soft iron set all round its circumference. The poles of an 
electro-magnet aie placed so as to attract the iron parts of the 
*' carriers," and there are special arrangements for effecting this 
BO as to keep the wheel rotating uniformly in one direction at 
certain velocities. Part of the electricity stored upon the 
inductor a is milked off by a wire and led to the ink, which it 
flectrifies strongly, and, by virtue of a repulsion among its 
own particles, the ink escapes down the siphon, and breaks in 
spray upon the paper. A rapid vibratory motion, given to the 
point of the siphon by electric attraction and repulsion between 
it and the paper, helps also to produce the dotted character of 
the markings. 

The coil itself c is made of extremely fine copper wire, and 
is BO light that one of 100 ft. in length of this wire weighs 
only about 26 grains. It is made of a rectangular form, about 
Sin. long, and J broad, being stiffened with shellac varnish. 
The sides of a central piece of soft iron i and the poles of 
the electro-magnet m TO outside, are hollowed out so as pai'*" 
to surround the convolutions of the coil wad cotittwo.^s^Sfc'' 
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IB kept in a Htate of strain by the torsion upon the platinum 
wire t^ from whieh the siphon depeadi). When the coil i§ de- 
flected so as to increase the tension on the fibre, /, the top 
of the siphon is pulled nearer to the coil, and the writinjr 
extremity moves across the paper pp further from the coil ; 
and when the coil is deflected bo as to decrease the tension, the 
motions of the siphon are the reverse. 

The two electro-magnets, which have each a pole m m 
ihown upon the figure, are sitnply rods of soft iron wrapped 
round with copper wire, which ie iunutated by a covering of 
spun silk. So long as a current of electricity is sent through 
this wire the iron core about whicb it is woimd becomes a 
magnet, but so soon as the current ceases to flow the mag- 
netism vanishes almost entirely if the iron be very soft. The 
amount of deflection of the coil is proportional to the strength 
of tie electro-raagnetiBm, to the length of wire in the move- 
able coil, and to the strength of the current which flows through 
it; flo that, cfeteris paribus, the stronger the current upon the 
electro-magnet a the greater the range of the siphon point 
across the paper. There is, however, a certain convenient range 
which can always he procured by re^iuliitine the battery power 
upon the electro-magnet and the current which cornea from the 
cable. In the instrument itself every contingency in the work- 
ing is provided for, and there are adjustments to r^utate its 
ev(»ry part, but the description of these would be uninteresting 
to many. 

Suppose now that it is desired to transmit a message along 
the submarine cable from Falmouth to Lisbon. The sourt^e of 
the electricity to be employed is, we shall say, the ordinary 
Dtmiell batteiy, each element of which consists of ziuc immeried 
in a solution of sulphate of zinc and a plate of copper immerced 
in a solution of sulphate of copper, the two solutions being kept 
separate by a porous separator. All the elements are joined 
up " in series," that is, taking them in order the zinc plate of 
each is connected to the copper plate of the next. If the 
last copper plate be joined outside the battery by any conduct- 
ing circuit to the first zinc plate, a ciuTent will flowfrom it to 
the zinc. This conducting circuit may be a very complicated 
one, but still the current will find its way along it, always from 
the copper plate to the zinc, even although its route may take 
it roimd the world. In submarine telegraphy this conducting 
circuit is formed by the cable, the receiving apparatus, and the 
earth itself. If the zinc plate of a battery at any station, -m 
Falmouth in England, ia well connected to the#»^*>— -by mu- 
of the city water-pipes, for instance — or ' ■■ntal 

plate buried deeply in the ground, and ar " t 

led from the copper plate to a distant ol 
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then so soon as the conductiDg circuit is rendered entire liy 
putting the wire to "earth," there the current will flow frfltn 
Falmouth along the wire to Lisbon, juat as if the earth itself liad 
led the current back to the zinc plate. On the other hand, if 
the copper plat« be earthed and the zinc plate be connected by 
wire to Lisbon, where it is " earthed," just the reverse will 
take place, and the current will seem to flow from England l« 
Lisbon through the earth, and will return to England by the 
wire. The sender at Falmouth connects the first zinc and la«l 
copper plate of his battery to a " signalling key,*' which is an 
arrangement for enabling bim, by simply pressing down one iw 
other of the two levers like piano keys, to control the battery 
so that he can apply the zinc plate or pole of the battery to 
" earth" and the copper pole to the cable, or vice versa, for any 
length of time he chooses. The receiver at Lisbon sets th« 
"mouse-mill" running, and by a battery, also joined up "ii 
series," magnetises the electro-magnet* of the recorder. He 
connects the cable by means of tbe wire to the moveable 
coil, and the coil by tie otlier wire to the earth ; and so com- 
pletes the conducting circuit between the zinc and copper pi)le« 
of the sender's battery at Falmouth. Then, when the paper 
is running and the ink Btjuirting so as to mark a straight line 
upon it, the instrument is ready to record the message firom 
Falmouth. The sender there controls the electricity by meuOl 
of the key according to a code of signals. The code uni- 
versally adopted now is the Morse code, so called after the 
inventor. The fimdamental basis of this code is two ele- 
mentary signals, usually called the dot and dasb. Every letter 
of the alphabet is made up of one or more of these sigtuda. 
In the application of the Morse code to the recorder it 
is arranged that a dot and dash is transmitted when the sender 
])re-ises the left and right-hand levers of the key respectively, 
just as in the case of the '• needle instrument," and a dot ii 
recorded by a motion of the siphon point towards tbe eoH : 
and tbe paper being in motion, the ink traces out a small waw, 
while a da^ is recorded by a wave on the opposite side of tbe 
axis of the' paper. 

Tbe roeRsage being composed of a combination of such wave*, 
with short intervals between each letter and longer iuterrals 
between each word, during which the siphon marks a straight 
line up the middle of the paper, presents a very serrated and, 
to the uninitiated, very unintelligible appearance, butan eipert 
clerk can translate it as fast as ordinary haudwriting. 

There are of course various contractions for words conven* 
tionally employed, which facilitate communication in electrie 
telegraphy, but without the aid of any of these, and by the 
use of oa automatic f«uiei — ^Iot fe-* decks can send 
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more than thirty-fiye — as many as 120 words a minute have 
been recorded through a land line by this instrument, each 
word ayeraging five letters and each letter three distinct 
signals* Owing to an inductive effect between the electricity 
in the interior conductor of a submarine cable and the sea 
water round its exterior, there is a retardation of the velo- 
city of the electricity which is not experienced in land lines, 
and as a consequence the rate of transmission of signals through 
the latter is much greater than through the former, so that 
the number of words recorded from a cable will depend more 
upon the speed capabilities of the cable for transmitting 
signals than upon the receiving qualities of the recorder. 
Twelve words a minute is the working speed of the Brest and 
St. Pierre Atlantic Cable, whereas the longest land lines will 
transmit signals as fast as it is possible to send them. The 
retardation due to induction is made very apparent by the 
motion of the coil of the recorder. When the electric 
signals are sent through a land line into the coil it oscillate? 
quickly, and the waves traced by the siphon are sharp ; but 
wben the signals are sent through a cable the motion of the 
coil is slower and more prolonged, the waves traced upon the 
paper being flat curves. 

When one stands alone by this beautiful instrument while 
it is at work, and observes the violet fire sparkling from the 
whirring ** mouse-mill," the siu-e obedience of the coil to 
Nature's mysterious and inviolable laws, the apt inscription of 

the pen which. 

With pukee electric, 
Scatters its fine jet of ink, 

and is guided by Nature's own fingers to the dictation of 
man many thousand miles away, he experiences one of tliose 
m^atal glimpses of admiration for human powers which he 
sometimes feels on viewing mighty enginery or triumphs of 
literature and art 

However much in after years telegraphy may extend its 
domain and connect the centres of human life throughout the 
world, it is scarcely too much to say that the electrical instru- 
ments of the future will be no important innovation upon 
those of our own time, unless indeed some hitherto unknown 
phenomena provide new laws to be tlie basis for invention no 
less fertile. 
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SPONTANEOUS MOVEJIENTS IN PLANTa,| 
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[PLATE LXXXIX.) 



THAT there are no "hard and fast lines " in Nature is a truth 
which is more and more forcing itself upon the minds of 
men of science. The older natiiraliflt* delighled to circum- 
Hcribe their own special domaina within nharply-marked boun- 
daries, which no trespassers were allowed to paas. We have 
long given up the attempt thus accurately to map out the 
kingdom of Nature. Her varied productions are connected 
with one another hy innunierahle links and croas-links ; and 
our Bystema of classification, even the most "natural," are but 
an imperfect human contrivance fur bringing together tbo«e 
forma which prtsent the moat e\'ident marks of resemblanw 
or affinity. W'liile the truth of this law is most familiar in 
the case of those amnller subdivisions of the animal and 
vegetable kingdoms — classes, orders, and genera — which are 
connected with one another by innumerable intermediate fonnii. 
it is none the less certain in the line of demarcation which 
GepaTat«s these two great kingdoms themselves from one another. 
In attempting to draw up a definition which shall serve accu- 
rately and in&llibly to distinguish between the Animal and 
VegetAlile Kingdoms, we find ourselves compelled to ahandoD 
one supposed crucial test after another, and to content ourselves' 
at last with firaming, as in the caae of the lower subdivisions, 
an assemblage of characters, by the tout ensemble of which we 
muxt decide whether oiu- organism is an animal or a plant. So 
greatia the uncertainty as to the actual Ixiundary-line, that largv 
groups of lowly organisms, such as those known as Diatoms and 
Desmideee, have been regarded hy experienced authorities as 
belonging to each kingdom ; and one of .he ablest of livios 
natumlists, Ernst Haeckel of Jena, has proposed the diviMonof 
the material universe not int« three but into four kingdoms^ 
animals, plants, protista, and minerals, the new kingdom of 
Protista including the most lowly organised forma of what aW 
^nerally considered &mme\& axv^ ^\a,\i\&, tiato, the Flagellatt 
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Infusoria to the Fungi, distinguished by the absence of sexeS} 
and the mode of reproduction by gemmation or fission alone. 
The soundness of this new classification is not however admitted 
by the best remaining authorities in England or Germany, 

One of the most obvious distinctions between the Animal and 
Vegetable Kingdoms consists in the possession by the former of 
t power of voluntary motion of either the whole or a part of 
tie body, dependent on the presence of a distinct nervoug 
(jstem, which is absent in the latter ; a distinction obvious 
enough when contrasting any of the higher forms of the two 
kingdoms, but which, like all other individual characters, tails 
*hen pressed to too rigid a test. There are animals, so regarded 
V the best naturalists, and possesang other characters which 
compel us to refer them to this claes, whose power of motion is 
confined to the "contractility" common to all protoplasmic 
substance, and which are absolutely devoid of a nervous system; 
^d there are plants, unquestionable plants, which possess 
Powers of spontaneotis motion strictly comparable to those ex- 
hibited by the lower animals. It may be interesting to collect 
together a few illustrations of this last-named fact, some of 
which appear to the writer scarcely explicable by the appli- 
<%tion of any of those laws which govern inert unorganised 
matter. 

The movements to which reference is here made belong in 
moat cases to a part rather than t-o the whole of a plant ; in 
some cases, however, we iind the wbole organism endowed with 
gpontaneous motion of a very remarkable character. An in- 
stance of this occurs in the case of the regular undulating 
motion, exceedingly similar to that of some of the lower 
animals, characteristic of a class of Algte hence called Oscilla- 
tori:E. The mode of reproduction of the AlgiP, the lowest class 
of the vegetable kingdom, to which the sea-weeds and the fresh- 
water conferviB belong, is often obscure, and in some cases 
different distinct processes exist in the same species. lo certain 
freshwater Alga, reproduction takes place by the formation of 
"Zoospores," (fig. 5), which are the results of the separation 
and isolation of the protoplasmic contents of certain special 
cells. According to the observations of M. Tbiuret, who has 
paid great attention to this subject, these zoospores, which are 
of extreme minuteness, are ovoid in form, and are furnished^ 
either over their whole circumference or towards one extremity* 
with very fine cilia, varying from two to a large number. Aa 
soon as these minute bodies free themagjigafr ^ni the cell in 
which they are enclosed, the cilia begin ""ith great 

rapidity, the v^ibration being accompan' of 

rotation of the bodies themselv' id 

apfarently by rapid and spost t 
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being a quick motion of the body through the water — andi»- 
tinguifihable iu fact from that of some of the lower forms of 
animal !ife — continuing for a period varying from half an hour 
to sereral hours, at the expiration of which they eettle dowa. 
reasBume the characters of ordinary vegetable cells, lose th«ir 
cilia, and give rise, by cell-division, to new individuals reaem- 
bling tbe parent-pliint. Those zoospores which are farnidied 
with ciha at one extremity only, direct that extremity, whieb 
is destitute of chloropLyll or green colotuing matter, tovnde 
the light. Closely resembling these zooeport^ are the ^ gponsft- 
tosoa " of the higher orders of cryptogamic plants ferns, eqttiii^ 
tarns, and mosses. These bodies (fig. 6) are prodnoed in tbe 
sntheridia or male organs^ again by a modification of the 
protoplasmic cell-contents ; tbey are fihform bodies of wioiu 
forms, mostly presenting one or mor« spiral corves, and fMt> 
nishod with vibratile cilia. When released from tbe jarcDt 
oells, they move about with great activity until they eooo 
into contact with the opening of the archegonium or fetoile 
organ, which they enter, and thus fmctify the germ of the Mw 
plant. Pringshcim describes the process by which the sperms 
tOEoa enter the archegonium as a very peculiar twisting motion, 
due to the action of the mucus or protoplasm of (be germ-wlL 
Ue has seen a large number of spermatozoa enter a. singla eell, 
forming a kind of chain. 

In describing these curious bodies, of the conrectioo of 
which with the vegetable kingdom there is no room fur doabl, 
one is irresistibly reminded of these lowly forms of animal Kfe 
known as Amftba and Oroftiia, consisting apparently of shap^ 
kes masses of protoplasm, possessing indeed for more restrictod 
powers of locomotion than the zoospores and spermatozoa, their 
fiwnlties in this re«pect being confined to the protrusion and 
retractation of arms or pseudopodia, by means of which a slow 
movement is cETocted. If the possession of conscionsnesa and 
of a voluntary control over tbe movements of the body belongs 
to the animal kingdom even to its lowest forms, it is diffienK 
to frame any cogent reason for denying these foculties to tlio 
vegetable organisms which -we have been considering. A very 
interesting problem also presents itself for solution in the almoat 
perfect identity of constitution between these lowest fonos of 
animals and the protoplasmic elements in the oonstitotioa of 
more highly organised forma. If the Amc^a and Oromia are 
admitted to be distinct individual animals, the auoo litw of 
reasoning would almost compel us to admit to the same laok 
the white corpuscles uf the blood of mammalia, which pnnot 
almost the same chamcters and posaess the same power of p«K 
tntsion and retractation of a. portion of their substAnce. 
The instances aVi've viSjA V&mfcnkA Vn» lK.<&LtY of ^pon- 



OTOjiTiWKors MOTwiEirrs th plasts. 371 

taneous motion possesaed by detached portions of protoplasm 
endowed with the power of forming; themBelves into new indi- 
vidiials. This phenomenon appears, however, to be but a 
form of the property possessed by all protoplasm of constant 
motion in some form or other. The circulation of the proto- 
plasmic mucous fluid within the cells of plants is one of the 
mast beautiful phenomena of vegetable life revealed by tbe 
microscope, and one of which the explanations at present 
offered appear quite inadequate. A favourite object for ex- 
hibiting this circulation or rotation is formed by the joint«d 
hairs which cover the stamens of the Virginian Spider-wort 
(^Tnulfscantia virffinica). The movement is rendered visible 
by the presence in the otherwise colourless fluid of minute 
opaque granules of chlorophyll or other colouring matter ; and 
is obscn'able with great ease in the semi-transparent tissae of 
certain water-plants, as Ckara, or the Valieneria commonly 
grown in fresh-water aquariums. It consists of a slow move- 
ment of the protoplasmic fluid up one side of the cell, across 
the ends, and down the other side ; not perpendicularly, but in 
an oblique or spiral course. The subject has been carrfully 
investigated by three French physiologists, MM. Prillieux, 
Roze, and Brongniart, who find that the rotation is directly 
influenced in a remarkable manner by the presence of light. 
M. Prillieux kept a moss in the dark for several days, when the 
cells presented the appearance of a green net-work, between the 
meshes of which was a clear transparent ground. All the grains 
of chlorophyll were applied to the walls which separate the cells 
from one another; there were none on the upper or imder walls 
which form the surfaces of the leaf. Under the influence of 
light, the grains, together with the thin mucous plasma in 
which they are embedded, change their position from the lateral 
to the superficial walls, this change taking place, under favour- 
able circumstances, in about a quarter of an hour. On attaining 
their new position, the grains do not remain absolutely im- 
movable, but continually approach and recede from one 
another ; and if again darkened, they leave their new position, 
and return to the lateral walls. Artificial light produces the 
same effect as daylight. 

Analogous to the circulation of the protoplasm within the 
cell is that of the sap or nutritive fluid tbrorigli tlie whole 
plant, passing through the permeable walls of the cells. Tliis 
circulation of the sap, by which fluid is conveyed equally to all 
parts of the plant, apjiarently in oppositj' '^iws of 

gravity, is no doubt explicable to a cei+ 
plication of known physical laws, of* 
are capillary attraction, osmose, p* 
' dense fluid passes through a pens 



with a denser fluid, and the upward pumping force to supply 
the partial vacuum occaaioned by the evaporation of water from 
the leaves. Allowing, however, full Bcope to all tlieee phydcal 
forces, there would seem to be a residuum of energy atill un- 
accoimted for corinectfid with the vitality of the plant itseIC 
In particular, the Belective power of plants in absorbing Erom 
the soil a larger portion of those ingredients which aie re- 
quired for the formation or healthy life of their tissues, is an 
absolutely imesplained phenomenon. A familiar instance of 
this is furnished by the difference in the amount of silica 
absorbed by corn-crops and by leguminous plants, amounting 
ID the former case to 2-5 per cent., in the latter to "3 
per cent, of the dry foliage. Indeed, if any two plants are 
grown together, side by side in the same soil, the constitution 
of the ash, i.e., of the solid ingredients derived from the soil, 
will be remarkably different ; while in the same plant in thv 
same soil the constitution is constant. It was pointed out by 
the Duke of Argyll, when criticising Darwin's " Origin of 
Species," how unavoidable it seems, in describing the pheno- 
mena of nature, to use language involving the idea of contriv- 
ance and design. In the Batne manner it seems impossible to 
describe the process of vegetative life without appearing to 
attribute to the plant some conscious power of ils own. A 
striking instance of this, as well as of the liability to consider 
a mere statement of an obscure law in other terms as nn cxplo- 
natiiin of that law, occurs in an admirable treatise nn the growtli 
of pliints — Johnson's " How Crops Grow." * " The cert^e are 
iMe In diepttse of silica by giving it a place in tho cuUcuIar 
culls ; the leguminous crops, on the other band, cuiniot nmunt 
it from their juices; the latter remain saturated, and thus 
further diffusion of silica from without becomes imp(i8»iblci 
except as room is made by a new growth. It is in this way 
that we have a ratiunal and adequate esplumitinn of tho 
selective power of the plant." The " rational mid nd»}uttb) 
explanation " seems to me, on the contrary, to Ixt ini'rely a n*- 
statement of this selective power of the tissues in otlicr tormi. 
Because the tissues want the silica, is no explanation uf bow 
thoy get it. 

The curious and interesting movements of climbing plants 
have been investigated by Palm, I^Iohl, and As;) ray, and form 
the subject of one of the most cliarming of Mr. Divnvin's works. 
It is well known that cUmbiDg plants, such as the hop, bouey- 

* "How Crops Orow;" \ Treatise nn Ibo ChRmicGl CmiipoMtina^ Sbuc- 
uiie and life, of the I'lnnt, for Agriciillural StucicnU Hjf S, W. J«| 
n-i--^^) taxi (ulapkd for l%nfrli»!i uw bj A. II. Cliuruh and W.T. T« 
' 'i: AIaciailUn&Co.,\&i:a,^.%\^. 
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■ockle, or major convolvulus, always twine round the stem or 
other object whicli supports them iu one direction, that is, 
alwaya either from rij^ht to left or from left to right ; but few 
probably have reflected, and jewer still attempted to obBcrve, by 
what process the end of the growing shoot contrives to change 
its position from one side to the other of the stem. If the ex- 
tremity of a living stem, say of convolvulus, growing perfectly 
free and in a normal position, is observed, it is seen to hang 
over from its support in a horizontal direction ; and this hori- 
zontal portion is found, if observed at intervals of some hoiurs, 
to point in different directions. The end of the growing shoot 
has, in fact, the property of revolving in a large circle round the 
support, always with the same species in the same direction, 
either with the sun or opposed to the sun. The rate of revo- 
lution varies with different plants, and with the same plant at 
different periods of its growth ; it is much quicker in warmer 
than in cooler weather. With the hop Darwin found it to 
vary from two and-a-half hours to nine hours. The object of 
the climbing power of plants is no doubt to reach the light and 
to expose a large surface of leaves to its action and to that ot 
the free air ; but the mode by which this power of motion is 
gained is by no means clear. The late eminent physiologist 
Mohl supposed that it was caused by a dull kind of irritability 
in the stem, which caused it to bend towards the support when 
in contact with it, Mr. Darwin has, however, carefully tested 
this theory experimentally, and always ivith negative results. 
He rubbed many shoots much harder than was necessary to ex- 
cite movement in auy tendril or in any foot-stalk of a leaf- 
climber, but without result. This view aeema also entirely 
negatived by the feet that not only do the stems of climbing 
plants revolve when they are not in contact with any support, 
but even more freely under such circumstances than when 
climbing. When a climbing plant first springs from the ground, 
the extremity of the shoot performs slow gyrations in the air, 
as if, as Darwin expresses it, it were searching for a support. I 
do not here discuss the question whether this habit may be the 
result of a tendency transmitted and enhanced through thou- 
sands of generations ; the movement itself is, in the indi- 
vidual plant, entirely " apontaneous " in every sense of the term ; 
that is, is not the necessary residt of known physical laws acting 
upon the individual. Darwin's paper " On the Movements 
and Habits, of Climbing Plants " published in the Journal of the 
Linnean Society, contains a niunber of the moat interesting ob- 
servations on this class of plants ; and the language employed 
is everywhere suggestive of some hidden sentient controlling 
power in the plant itself. 

The same purpose as that served bj a. c^Tcfcm?, *k(b. ii 
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answered in other plants, as the vine, Virginian creeper, and 
patidoQ-Sower, by tendrils; and the phenomena of ^Ktotaneous 
motion in tendrils, are, if possible, still more curious. Some 
tendriU display the enme pow^r of rotiitory motion possessed tiy 
the extremities of the §hoots of elimbing plants, others do not 
revolve, but are sensitive, bending to the touch. The curling 
movement consequent on a single touch continues t« increaM 
for a considerable time, then ceases; after a few hours the 
tendril uncurls itself, and ia again ready for action. A tendril 
will thus show a tendency to curl round any object with which 
it comes into t^ontact^ with the singular exception that it will 
seldom twine itself rouod another tendril of the same plant. It 
taalso very ctuious that with some exceedingly sensitive plants, 
the feUing of drops of rain on the tendril will produce no effect 
whatever. The mode iu which a tendril of a Biffnoiiia catviiea 
hold of a support ia thus deacribod by Darwin : — '• The 
main petiole is sensitive to contact with any object; even a 
small loop of thread after two days caused one to bend upwards. 
The whole tendrils are likewise sensitive to contact. Kcnce, 
when a shoot grows through liranclicd twiga, its revolving move- 
ment soon brings tiie tendril into contact with somo twig, and 
then all three " toes " beDd,(or sometimes one ulone) antl^ afi«r 
several hours, seize fast bold of the twig, exactly like a bird 
when perched," The Virginian creeper baa another mode of 
attaching itself to a wall or other solid snpport, by the forma- 
tion at the extremities of the branches of the tendiil, of little 
disks or cushions, veiy similar to the disks on the foot of the 
house-fly by which it is enabled to attach itaelf to our wiudom 
and to walk along the ceiling. These disks secrete a glutinous 
fluid which attaches the tendril to the support with such strength 
that it is often impossible to detach it without destroying tJie 
tendril or even removing a portion of the wall itself. As soon 
as the attachment is accomplished the tendril gradually tbickeiM 
and contracts spirally, as shown in Fig. 3, a, b. This splial 
oontraction, indeed, is always the result of the tendril meeting 
with a aupport ; and if no support is found, the tendril soon 
shrinks and withers away. Home tendrils exhibit a most r^ 
markable power of iielection, which, to use Mr. Darwin's words, 
" would, in an animal, be called instinct." The tendrils of a 
species of Bii/notiia slowly travelled over the surface of a pieoa 
of wood, and when the apex of one of them came to a hole or 
fissure, it inserted itself ; the same tendril would frequently 
withdraw from one hole and insert its point Into a second one. 
Mr. Darwin has seen a tendril keep it« {xtint, in one iiisUinc^ for 
twenty hours, and in another instance for thirty-six huun, ia a 
niinute hole, and then withdraw it. After the record of Ibis 
Aiot 00 such imezceptioual efrideoee^ '«« %xe S^ iBm« \ii«^aied 
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to credit the statement of Mr. Anderson-Henry that a climber 
will, in running up a wall, carefully avoid contact with ATintJiftr 
climber which it dislikes ; and even the account by AL Paul 
L^vy * that the Uanes of tropical forests have an affinity for 
certain trees, towards which they direct their growth, and not 
towards those nearest to them ; carefully drawing themselves 
away when they encounter one of the objectionable trees. 

We may conclude our account of climbing plants with the 
following remarks by Mr. Darwin : — ^' It has often been vaguely 
asserted that plants are distinguished from animals by not having 
the power of movement. It should rather be said that plants 
acquire and display this power only when it is of some advan- 
tage to them, but that this is of comparatively rare occurrence, 
as they are affixed to the ground and food is brought to them 
by the wind and rain. We see how high in the scale of or- 
ganisation a plant may rise, when we look at one of the more 
perfect tendnl-bearers. It first places its tendrils ready for 
action, as a potypua places its terUa/nda. If the tendril be 
displaced, it is acted on by the force of gravity, and rights 
itself. It is acted on by the light, and bends towards or from 
it, or disregards it, whichever may be most advantageous. During 
iseveral days the tendrils or internodes, or both, spontaneously 
revolve with a steady motion. The tendril strikes some object, 
and quickly curls round, and firmly grasps it. In the coui'se of 
some hours it contracts into a spire, dn^;ging up the stem, and 
forming an excellent spring. All movements now cease. By 
growth, the tissues become wonderfully strong and durable. 
The tendril has done its work, and done it in an admirable 
manner." 

The phenomenon known as Sensitiveness is of by no means 
uncommon occurrence in the vegetable kingdom. It consists 
of a sudden movement of the leaf, a portion of the flower, or 
the whole plant, on contact with, or even on the approach o^ a 
foreign body. One of the most familiar examples is tlxat of 
the Sensitive Plant, Mimosa pudica and sensitiva, fig. 1, a 
and 6, in which three distinct movements are observable when 
the leaf is touched by the hand or the warm breath. Firsti 
the numerous leaflets close in pairs, bringing their upper &ce8 
together, and also inclining forwards ; then the four brancbea 
of the leaf-stalk, which were outspread like the rays of a fan, 
approach each other; at the same time the main leaf-stalk 
turns downwards, bending at its joint wiih the stem. The ex- 
planation offered in one of our best botanical text-books of this, 
phenomenon is as follows : — '^ There is a swelling at the bM# 

* Bulletio de la Sodm Botanique de France. Tranalated in tho ^ 
deoer't Chronicle,'' March 19, 1870. 
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of the petiole, the cells of whicb contHtvie, u it vere, t«* 
springe acting In contmy dLrectioos, so that if the one frea 
aDj cause be paralysed, the other pushes the leaf in the dine* 
tton of least resistance. These springSi if ther be sa cklkdi 
are eet id action by the rush of fluid creating » turgid state of 
the one set of cells and an empty state of the other. What 
circamstances regulate the turgesceooe are only imperfectly 
known." It will be obvious, that, even if this is correct as a 
Btftteroent of facts, it offers no real explanation of the pbeao- 
menoD ; for it is quite a^ difficult to miderst&Dd how the men 
approach of the hand, which gives rise to a sen^tivenees coi&- 
mcncing, it will be remarked, at the extTemitg of the leaf, 
will account for a " tnrgescence " of the springs at the boat of 
the leaf, which then causes the movement. It should be 
obaened also that we are unaware of any use which tbew 
movements are to the pLint. Similar sensitiveness occun in 
the leaves of some other leguminous plants, in several epecua 
of Oxalia, &c. M. Bert has observed that the sensitivenesa it 
destroyed by the continual application of chloroform, and abo 
by placing the plant constantly in the dark or in green light. 

Similar movements to that of the Sensitive Plant, but 
occurring spontaneously, may be obeen'ed in other plant*. 
Thus in the Deavwdi/am, gyrans or " Telegraph Plant," some- 
times grown in our hot-bouses, belonging to the same order, 
I^eguminoBEe, the leaf consists of three leaflets, a lurgi! central) 
and two smaller side ones. The motion is especially observable 
in the small side leaflets, which on a warm summer's day may 
be seen to rise and fall by a succession of jerking movemeots ; 
now stopping for some time, then moving briskly, always 
resting for a while in some part of their course, and starting 
again without apparent cause, " seemingly of their own will," 
as Prof Asa Gray remarks. The movement is not aim] " 
and dottTi, but the end of the moving leaflet sweeps i 
less of a circuit. It is not set in motion by a toui 
begins, goes on, and fitop«, of itself. 

An exceedingly remarkable instance of sensitiveness 
in the case of the " Venus's Fly-trap " of North Carolina, 
Ditmaa muacipula, represented in fig. 2. The mid-rib of 
each leaf screes as a kind of hinge. When the inside of the 
blade of the loaf, or the fine bristles which grow on its but&gc, 
are touched by any foreign substance, the hinge suddenly 
closes, and if the intruding substance be a fly or other small 
object, it is immediately imprisoned as represented in th« 
figure, the teeth on the margin of the leaf closing firmly upon 
one another like a steel trap, the sides of the tr^ thita 
flatten down and press firmly upon the victim, and 
requires a very considerable force to open the trap. If 
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ia caught the trap presently re-opens of itself, and is ready for 
another attempt. With regard to the object of this strange 
proceeding, there can be no doubt that the insect is retained 
nntil the softer parta of the body arc completely dissolved in 
the thick mucous fluid which is exuded by the leaves : and 
Professor Asa Gray considers that the evidenoe is nearly com- 
plete that the animal matter is actually absorbed in the leaf 
itself. It is even atat+Kl that pieces of raw beef are digested 
by the leaf in the same manner ! Seeing, however, that it ia 
now generally admitted by physiologists that even pure water 
is not absorbed through the pores of leaves, which serve only 
for the exhalation of vapour, this explanation is very hard 
of belief. The " pitchers " of the Nepenthes, or pitcher-plant, 
act also as fly-traps, largo numbers of insects being enticed 
into them by the fluid they secrete, and are then unable to 
extricate themselves. 

The sensitiveness of the leaves of plants is but un excessive 
development of the phenomenon known as the Hleep of plants. 
In the case of the Sensitive Plant the position assumed by the 
leaf and leaflets in the night is' the same as that which they 
assume when disturbed in the day-time ; and with many other 
plants, such as the clover and the Ho/nnia or " acacia " tree, 
the change in the position of the leaflets, morning and evening, 
is a familiar fact. The Sleep of Plants extends also to the 
Bowers, many plants opening their flowers only at particular 
times of Uie day. Thus the major convolvulus of the gardens 
and the goatVbeard open at sum-ise and always close by about 
noon, the evening primrose opens only in the evi:ning, and 
many others last for but a single day. So regular is the time of 
opening and closing of some flowers, that Linn^us drew up a 
list, which he termed a " floral clock." The singular part of 
the affair is, that with many flowers the time of opening and 
closing is determined, not by the degree of light, or by the 
temperature or humidity of the atmosphere, but absolutely by 
the hour of the day. The giant water-lily of the Amazons, the 
Victoria regia, opens, for the first time, about 6 p.m., and 
closes in a few hours, then opens again at 6 a.m. the next day, 
remaining open until the afternoon, when it closes and sinks 
below the wat«r. Other plants, again, open their flowers only 
in the bright sunshine, as the beautiful yellow centaury or 
Chlora per/oUatOy the sundew, Droeera Totuiidifolia, &c. In 
the latter plant, belonging to the same natural order as the 
Venus's Fly-trap, and possessing a slight irritability of the 
leaves, Mr. Worthington Smith has noticed also a strong sensi- 
tiveness in the petals, the flowers closing suddenly when 
« touched. 

Irritability or sensitiveness, similar to t\iat o? Vat \.*i'aN«a -A 
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tbe Seneitive Plant, is not uucommoa in the Sower. An 
instaDcc has been alttided to in tbe petals of the avindew ;''it 
occurs also in the lip of the c-orolla of several of the orehii 
tribe. It is, however, moru common in the proper organs of 
reproduction], as the ^yle of StyUdium, the etajuens of the 
berberry, &c., and is then directly connected with tbe proc«a 
of fertilisation of the ovule. In StylidiuTn, an Austroliu 
genua, tbe style and filaments are adherent inUi n colomn, 
which hai^ over on one side of tbe flower. When touched, 
it rises up and springs over to the opposite side, at the suns 
time opening its anthers and siattering the pollen. The 
stamens of the various species of Berberia and Mnhonia, t» 
the former of which our common berbeny belongs, exhibit 
this irritability tji a remarkable degree. If touched with a pin 
or other object at the base of tbe inside face of tbe fllament, 
the stamen will spring violontly fonvard from it*i place within 
the petal, so as to bring the anther into contact with tbe stigma, 
as shown in fig. 4, and will after a time slowly resume iU 
original position. At first sight it may aeem as if this eon- 
trivance were intended to ensme the fertilisation of the pistil 
from the pollen of its own flower. In reality, howrvcr, tlie 
reverse is the case ; the excitation takes place in mitiire when 
an insect entering the flower for the sake of the honey in the 
glands at the base of the pistil, touches the tnxide of oob of 
the stamens. The pollen is thiLs thrown on to the head or 
body of the insect, which carries it away to the next flower it 
visits, and leaves some of it on the stigma, and thus croM- 
fertiiisatioo instead of self-fertilisation is secured. Similar 
motion of tbe stamens towards the pistil, but spontaneoni^ 
takes place in the case of the London Pride, and other special 
of Stixi/raga. 

Elasticity is, indeed, a common property of organised tissue, 
though it is not often developed to so evident an extent. In 
the "■ toucb-me-not," or Impatten^, we have a familiar inslAiuse 
in the seed-vessel, which, if touched when nearly ripe, suddenly 
coils back, throwing tbe seeds to a considerable distance. The 
"squirting cucumber" [MirmarduM ElaieriAnn) marks the 
period of ripeness by tbe fruit separating &om itjs rtalk, and 
expelling the seeds and juice with great violence. Mr. Thomai 
Meehan described a remarkable instance of elasticity at a recent 
meeting of the Academy of Natural Sciences of I'hiladelpbta. 
The seeds —or, as would appear from his description, more 
correctly the embryos of the seeds — of the Ameiican '* witcb- 
hasel" (Hamtiiruilg virgiHica) are Ihrown out with such force 
as to strike people violently in the face who pas through U^ 
woods. Collecting a number of the cupsutes, and laringtkML 
, on tile floor, ho found t)ie seeds or embryoe were thioi^^^H 
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I gwierally t« tlie distance of four or six feet, and in one instance 
^ as much as twelve feet. 

»■ Many of the instances of spontaneous motion or irritability 
■ wc have DOW recorded may doubtless be explained by the appli- 
cation of known physicai laws. With others this is not so easy; 
scd it is but reasoning in a circle to say that because the 
organisms which manifest them belong to the vegetable kingdom, 
therefore the phenomena cannot be the result of a sentient 
^ force acting upon, and independent of, matter. Darwin has 
I described how certain movements of the tendrils of climbing 
H plants would be termed instinctive if they were observed in 
% animab. The rapid rotatory motion of the zoospores of the 
lower AlgjE is absolutely undistinguishable from that of certain 
undoubted lowly organised forms of animal life. It is very 
' difficult to distinguish between the movement of a shoot of a 
L cHmber performing its circles in the air in search of a support, 
* md that of the tentacula of a coral-polyp in search of food. 
The mode in which the Venus's Fly-trap seizes and encages its 
prey is very like that adopted by a sea-anemone. Every fresh 
addition to our knowledge seems to confirm us in the view that 
it ia unwise to dogmatiae by laying down too rigid generalities, 
and absolutely to deny certain functions to whole classes of 
animated beings because we do not find them exhibited in the 
forms most familiar to us. I do not wish distinctly to claim 
for plants the actual possession of a voluntary or sentient 
fiiculty. But I do wish to point out that facts do not support 
us in asserting that a clear line of demarcation separates the 
animal from the vegetable kingdom ; the power of voluntary 
motion belonging to the one and not to the other. Taking all 
the focts we have described into consideration, the statement 
seems justified which has been made by one of our most expe- 
rienced naturalists, Professor Wyville Thomson * :— " There are 
certain phenomena, even among the higher plants, which it ia 
very difficult to explain without admitting some low form of a 
general harmonising and regulating function, comparable to 
such an obscure manifestation of reflex nervous action as we 
have in sponges and in other animals in which a distinct 
nervous system is absent."! 

' latrodurtory Lecture to the Naturnl lOatory ClaM at the UniveiBity of 
Edioburgb, May, 1871. See " Nnliire," vol. iv. p. 81. 

t SincB writing the Above, I LaTe met with the following remarka by 
iLe IttiliHO botanist, Prof. Delpino ("American Nuturaliat," July, 1871, 
p. 207J : — " I muat here, as alwgjg, declare m;eelf a teleologiat and n vitalist. 
Now teleology and vitalisni, for from being vanquished by tbe DarwiiiiBii 
doctrine, find in it their most solid aupporl. What do teleology and ritatiam 
meanp They mean that we believe tbat there ia in >U Uiiiii^ tlim'gk «& 
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EXPLANATION OF PLATE LXXXTX. 

Fie. 1. Leaf of Sensitiye Plant, Mtmata pudiea; a, in normal poaitioo; h, 

after depression by the approach of the hand. 
,y 2. Leaves of Venus's Fly-trap, Dioncea muac^fulOf one of them doaed oa 

an imprisoned fij. 
,, d. Tendril of Virginian Creeper, Ampdoptk mrginica ; a, before contact; 

&, after contact with a wall. 
f, 4. Stamen of Berberry, Berberis vulgaris ; a, normal podtion ; 6, after 

excitation of base of filament. 
I, 5. Zoospores of Algte ; a, 6, Confirva ; e, Vaucheria, 
f, 6. Spermatozoa; a, Chora; h^ Searweed, Fwrns ierratua. 



innate, specific principle, inteUigent, firee, and teleologicaL This principle is 
the hidden cause of the yariability of organised beings, as well as the wondB^ 
tvl harmonies which have been established between one being and another.** 
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I RICHARD A. PEOCTOR, B.A. (Cajibrime), Hon. Sbc. R.A.S. 
I AVTBOK OF "the arm," "essays on astrohomt," " ohlbk worlds," &( 



FOM time to time, during the last three years, I have 
brought before the readers of this magazine the various 
a[^unient« and conBiderations on which I liave based certain 
new views respecting the constitution of the sidereal universe. 
In so doing I have had occasion to deal chiefly with facta 
already known, though not liitherto viewed in that particular 
light in which I sought to place them. Indeed it is an essen- 
tial part of my geneml argument that much that is contained 
in observations already made has been escaping us. lu the 
eagerness of astronomers to ascertain new facts, they have been 
neglecting the interpretation of facta already ascertained. 

But I have long felt that it would greatly tend to advance 
the new views which I have advocated, if somo process of 
research, pursued by one of those astronomers of oiu' day who 
possess the reqiusite_meana and leisure for prolonged eiH|uirieB, 
should confirm in a clear and decisive way some definito point 
of my new theories. Thus, if new obser^'ational evidence 
should be found in favour of my theory that the nebulic are 
not external to our galasy, or if new evidence should be 
obtained to show that the stars are aggregated in certain 
regions within our system and segregated from others ; or 
again, if my theory of star- drift should be confirmed by new 
and striking evidence, I felt that a greater measure of con- 
fidence in my analysis of former evidence would thenceforward 
be accorded. I had no occasion, indeed, to complain of cavil 
or opposition ; in fact, a degree of attention bad been given to 
the new opinions I advocated which was certainly much 
greater than I bad looked for. But there must always be 
such an inertia in the general weight of opinion in favour of 
accepted views, that only a steady reiteration of reasoning 
during a long period, or else some striking and impressive dis- 
covery, can cause the weight of opinion to tend in the contrary 
/■lirsctioit. 
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I cannot but regard myself as most fartimate in finding the 
first confirmation of my views (i.) coming from one of tk 
moat eminent astronomers and physicists of the day, (iL) 
bearing upon one of the moat definite and positive of my vtH- 
cinations, and (iii.) relating to one of the most interestiiig 
subjects in the whole range of recent astronomical research. 

It will be in the remembrance of many readers of tlui 
magazine that, nearly four years ago, Dr. Huggins succeeded 
in ahowing that the bright star Sirius is travelling at an enot' 
mously rapid rate away fro'in ua. In other words, bendes tint 
rapid thwart motion which is shifting the place of this star 
Upon the heavens, the star lias a rapid motion of recession, 
the paper called "Are there any Fixed Stars," in the "Popular 
Science Reriew" for October 1868, the nature of the 
by which thia discovery was eflfected was fully described attd 
explained. It may I>e permitted to me to mention, also, thai 
while Dr. Hnggins'a researches were still nnannoonreid (or 
rather incomplete) I ivas eo far fortunate as to indicate we 
possibility of employing the very method of research wfaidi 
Dr. Hoggins was then engaged (unknown to me) in applying 
to Sirius. I propose here briefly to describe and espUun the 
method, referring the reader who desires fuller information 
these preliminary pointa to the paper of October 1868, rai 
tioned above. I am the more desirous of doing this, becaon I 
find the principle of the method not readily grasped, sod that 
I conceive the explanation I am about to offer' msy 
certain difficulties not uncommonly eiperienaed. 

Conceive that a person, standing on the edge of a st«adilj> 
flowing stream, throws corks into it at tcgulaj intOTvalfi — aj 
one cork per second. These woidd fioat down the streuo. 
remaining always separated by a constant distance. Tlios, if 
the stream were flowing three feet per second, the corks would 
be a yard apart (supposing, for convenience of iUustrsticm, 
that each cork was thrown with exactly the same force and in 
exactly the same direction). M^ow, if a person a mite or so 
down the stream saw these corks thna floating past, ho could 
infer that they had been thrown in at regular intervals ; and, 
moreover, if he know the rate of the stream, and that the corki 
were thrown in by a person standing at the river's edge, be 
would know that the int«r\'al between the throwing of mo- 
cessive corks was one second. But, vice verad, if ho knew the 
tat« of the stream, and that the corks were thrown in at intef 
Tab of one Gccond, he could infer tliat the person tfarowiiy 

ndobu^ for the illiistiatiun on which is bated the tattf* 
k follows, to mj friend and collpge contcinparuyi Ur. B* 
w of rii8 eraineat aatroaomer, Fnmcia Bnily. 
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ihem was standing still. For let us consider what would 
happen, if the oork-thrower sauntered up<tr«am or down- 
stream while throwing corks at intervals of one second. Sup- 
pose he moved up-stream at the rate of a foot per second: 
then, when he has thrown one cork, he moves a foot up-stream 
before he throws the next : and the first cork has floated three 
&et down stream ; hence the second cork fidls four f€«t bebind 
the first. Thus the common distance between tbe eork» i» 
now four feet instead of three feet. Next BappoBe he saunt^n 
down-stream at the rate of a foot per second ; then. whi<^ be 
has thrown one cork, he moves a foot down-stream bef^r^ h^ 
throws the next; and the first cork has floatefl thre^ fe^n 
down-stream ; hence the second cork blh only two feet, b^hinil 
the first. Thus the common distance between the eorkd » ni'<w 
two feet instead of three feet. It is clear, then, that th^ x^r^m 
standing a mile or eo down-stream, if he Icnowii r.har ^hi* 
stream is flowii^ three feet per second, and that his friend np- 
stream is throwing one cork in per second, can Ke initA 4iirR 
that his friend is standing still if the corkii come past with % 
common interval of three feet between them. i(i)r»*ov*»r, he 
can be equally sure that his friend is saantehncf npwtrv»m. if 
the corks come past with a common interval exrpedin^ ?hrm 
feet ; and that he is sauntering down-titream. if tlie «.'ommon 
interval is less than three feet. And if, hy .4ome pmrpssi >f 
measuring, he can find out exactly kow mudk ;rrRar*'r or k^w 
much less than three feet the interval in. he <!an tAI >>x.'w-r|r 
how fast his friend is sauntering ap^stream ir inim-^THsini. i» 
would not matter how far down-4tream the ihw^n-^r :ni*£t\r •», 
so long as the stream's rate of flow wanained mrhaner-rt •*^''. 
indeed, would it matter, even tb^ngh -iu* ^Tr^un :l.'w-fi r t 
difiierent rate past the observer taaa nasr -h#^ •ortf-rlirn***^. -^ 
long as neither of these two n:es w*«" liar,^ .. ^t^^turi. 

Now, we may compare the emiaq/^a / i .-ar-Ti-* v-« ^ -■ 
luminous object to the throwing r^ y.^^^ n ".t ■*«'"''' - 
case. The rate of flow fcr t^r-^tr-si 5 r^-»*^ r.m r^T 
fiister that that of any riv*?. z^^zig v- ^9^ r^-. ^r .^^ -. ^. 
per second. The suooesaT* ii^--.,^^ ^J'^ ^' ^. , . „ - 

are no less than 458/Xia/X/j///v//, 7:^. ^Ttfi* ^ •-— ' 

and for extreme violet v. '0^^ •*»; ':r. f^ m ^» <-t* 
these specific differezMfv «io v/ ^^^^ ^ ^ ^ . 
illustration. It is otiTjr>>Qt -4.^ t. - ^i^ 
the parallel complete it u^f .(^ f. , ,« 



reach the obsen^s' at t tt^t.^ .^_ ^ i*^'^*" 
case), and that he sii^i: r.;i . r > .. 

erf Usj;; ^ ^ .;c 
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with thU known rate the rate at which they successivelj 
reach him. If tiiey come in quicker BuccessioE than from a 
luminous body at rest, he will know that the source of light ii 
approaching as certainly aa our observer down-stream would 
know that his friend was sa\interiiig towards him if the corks 
came two feet apart instead of three feet. If, on the contiary, 
the light-waves of a particular kind come in slower sacce^oB 
than from a body at rest, the observer will know that the source 
of light is receding, precisely as the river-side observer would 
know that his friend was travelling away from him if the corks 
came past him four feet apart instead of three. 

Now, the stellar spectroacopist can distinguish among the 
light waves of varied length which reach him, those which have 
a particular normal length. He analyses star-light with bis 
spectroscope, and gets from it a rainbow-tinted streak crossed 
by dark lines. These dark lines belong to definite ports of the 
spectrum ; that is, to such and such parts of its red, or oiasgip, 
or yellow, or green, or blue, or indigo, or violet portion. Thua 
they correspond to light having a particular wav€>-Iengtb. Ami 
many of these lines in stellar speetm are identifiable with the 
lines due to known elements. For instance, in the ^ctrum of 
Sirius there are four strong dark lines corresponding to the 
known bright lines of the spectnun of hydrogen. Thua the 
wave-length corresponding to any one of these dark linns is 
perfectly well known to the spectroBcopist from what he hai 
already learned by examining the bright lines of hydrogm. 
Now, if Siriiifi were receding very rapidly, the wave-length ror- 
reaponding to one of these Unes would be lengthened ; i( would 
correspond, in fact, to a part of the spectrum nearer the ird end 
or the r^on of longer light waves, and thus the diirk lini! 
would be shifted towards the red end of the spectrum ; whensis, 
on the contrary, if Sirius were very rapidly approaching, lite 
dark line would l»e Bhifted towards the violet end of the Bpt^ct rum. 
All that would l)e necessary would be that the rate of aiipnwdi 
or recession should bear aa appreciable proportion to the mt^i 
at which light travels, or 185,000 miles per second. For, re- 
verting to our cork-thrower, it is clear that if lie tmvdllt^ Up- 
stream or down-stream at a rate exceedingly minute compared 
with the stream's rat<; of flow, it would he impossible for tho 
observer down stream to be aware of the cork-thrower's motiuD 
in either direction, unless, indeed, he liad some veTj exact 
means of measuring the inter\al between the successive curkfl. 

Now the spectrum of a star can T»e made longer or shoiter 
according t^ the dispersive power employed. The h»igrr it ir, 
the fainter ila light will be ; but, so long as tlie dark lion can 
l)e Been, the longer the spectrum is, the greater is the shift, dm 
to stellar recession or approach ; and, therefore, the iDvn rcodiljr 
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may such recession or approach be detected. But, with the 
instanment used by Dr. Huggins four years ago, it was hope- 
less, save in the case of the brilliant Sirius (giving more than 
five times as much light as any other star visible in our northern 
heavens), to look for any displacement due to a lower rate of 
recession than some hundred miles per second (little more than 
the two-thousandth part of the velocity of light). What was to 
be done, then, was to provide a much more powerful telescope, 
so that the stellar-spectra would bear a considerably greater 
d^ree of dispersion. With admirable promptitude the Soyal 
Society devoted a large sum of money to the construction of 
such an instrument, to be lent to Dr. Huggins for the prose- 
cution of his researches into stellar motions of approach and 
recession. This telescope, with an aperture of fifteen inches, 
and a light-gathering power somewhat exceeding that usual 
with that aperture, was accordingly completed, and provided 
with the necessary spectroscopic appliances. Many months 
have not passed since all the arrangements were complete. 

In the meantime, I had arrived at certain inferences re- 
specting the proper motions of the stars, on which Dr. Huggins's 
researches by the new method seemed likely to throw an im- 
portant light. 

More than three years ago, I had expressed my conviction 
that whenever the recorded proper motions of the stars were 
subject to a careful examination, they would confirm the theory 
I had enunciated, that the stars are arranged in definite aggre- 
gations of various forms — star-groups, star-streams, star-reti- 
culations, star-nodules, and so on.* Making leisure, in the 
summer of 1869, for entering upon such an examination I was 
led to several results, which not only confirmed the above- 
mentioned theory but suggested relations which I had not 
hitherto thought of. Some of these results are discussed in the 
article called "Are there any Fixed Stars," already referred 
to ; others are presented in an article called " Star Drift," in 
the " Student" for October 1870. The special results on which 
Dr. Huggins's recent discoveries throw light, were first publicly 
announced in a paper read before the Eoyal Society, on January 
20, 1870. 

I had constructed a chart in which the proper motions of 
about 1,200 stars were pictured. To each star a minute arrow 
was affixed, the length of the arrow indicating the rate at which 
the star is moving on the celestial vault, while the direction in 

• See "Notes on Star-Streams," in the "Intellectual Obaer* 
August 1867, " Notes on Nebula)," in " The Student " for March II 
'' A New Theory of the Universe," in »< The Student " for Februir 
and April 1869. 

VOL. XI. — ^NO. XLV. C C 
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which the arrow pointed ghows the'direction of tlie star's ap- 
parent motion. This being- done, it vas possible to study the 
proper motions much more apreeably and HatisfactorUy thui 
when they were simply presented in catalo^ies. And certain 
fflaturee, hitherto unrecof^iaed, at once became apparent. 
Amongst tiieee was tbe peculiarity which I have denominated 
"Star drift;" tbe fact, namely, that certain groups of stars are 
travelling in a common direction.* This waa indicated, Id 
certain cases, in too Eit^ificant a manner to be regarded as du« 
merely to chance diBtriVtution in these stellar motions; and I 
was able to select certain instances in which I asserted that the 
drift was unmistakable and real. 

Amongst these instances was one of a very remarkable kind. 
The " seven stajs " of Ursa Major — the Septentriones of the 
Aociente — are known to all. For convenience of reference, let 
ua suppose these seven divided as when the group is compared 
to a waggon and horses. Tlins, there are four waggon-wherfg 
and three horses. Now, if we take the waggon-wheels in se- 
quence romid their quadrilateral (bf^inning with one of the 
pair &rthest &om the horsei^^ bo as to finish with the one which 
lies nearest to the horses — these are named by astronomers in 
that order Alphu, Beta, Gamma, and Delta of the Great Bear. 
Thus, Alpha and Beta ore the well-known pointers (Alpha 
nearest the pole), and Delta is the feintest star of the Sept«iv- 
trion set. The three horses are called in order Epsilnn, Zela, 
and Eta; Epsilon being nearest to Delta. Now when the proper 
motions of these seven stars bad been mapped, I found that 
whereas Alpha and Eta are moving much as they would if (be 
sun's motion were alone in question, the other five are all moving 
at one and the same rate (on the star-sphere, that is) in almost 
tbe eiactty opposit<? direction. Moreover, a small star eloee I7 
Zeta (the middle horse), a star known to the Arabian atitrotto- 
mers as tbe " Test," because to see this star was held a proof of 
good eyesight, is moving in the same direction and at the same 
rate as Zeta and the rest of this set. And besides this star 
(which has also been called Jack by the Middle Horse), Zeta 
has a telescopic companion which also accompanies him in hti 
motion on the celestial sphere. 

After a careful consideration of these circumstances, aod ao 

• I include lliia among " features hitherto anreco^iscd, though Aliebell 
liad slrcod; ticiud flie &ert that the stars sr« airangtid iulu i^Uidk " W* 
nmj conclude," be siiid, " tlint the Btftrs are renlly cnllcctal tngntfaer in 
dmitets in mdiu plMXs, where they form a kind of s,v»t«tii; whilat in 
others thne ue few or none of them, to whateTcr faosa this maj' b* owing, 
* T to their mutaiil gravitation or to same athet low or it|qK)iaiinDDt of 
a Crrotor.' 
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analyBiB of the probafatlitief in frraiirof and against the ihoorj 
that the concarrenoe of ^qiarent motion was merely acddental j 
I came to the oonclnaion that the five large atan and the two 
flnaUer ones form a tme drifting set. I foimd, on a modemla 
computation, that the odds were npfwards of half a million to 
one against the ooncunenoe being accidental ; and since I had 
recognised other ^nt^*"^"***' of concorrence not less striking, I 
felt that it was morally certain that these stars belong to one 
.star-funily. 

The reader will perhaps not be sorprised to learn, howevei^ 
that before pnbUshing this conclusion I submitted it (in July, 
1869) to one who was, of all men, the best able to pronounce upon 
its significance — ^the late Sir John UerscheL I have the l^ter 
{dated August 1, 1869) which he sent in reply before me as I write. 
The part relating to my discovery runs as follows: — ^^The 
ccMifiiderations you adduce relative to the proper motions of the 
.«tars are exceedingly curious and interesting. Of late years 
catalogues have gone into much detail, and with such accuracy 
thftt these motions are of course much better known to us than 
some twenty or thirty years ago. The community of proper 
motion over large r^ons (of which you give a picture in Ge- 
mini and Cancer) is most remarkable, and the coincidence of 
proper motion in Beta, Gramma, Delta, Epsilon, and Zeta Ursse 
Majoris most striking. Your promised paper on this subject 
isannot £Eiil to be highly interesting."* 

In a letter written on May 11, 1870, and referring not to 
another letter of mine, but to my " Other Worlds," Sir John 
Herschel remarked, '^ the cases of star-drift such as that in Ursa 
Major are very striking, and richly merit further careful ex- 
mnination." 

My first public expression of opinion respecting the star-drift 
in Ursa Major was conveyed in the following terms : — " If these 
five stars indeed form a system (and I can see no other reason- 
able explanation of so singular a conmiunity of motion), the 
mind is lost in contemplating the immensity of the periods 

* He proceeds as follows (the passage is removed from the maui text as 
relating to a different branch of the subject) : — ** I cannot say that I am at 
all surprised at its being found that the average proper motions of stars of 
small magnitudes is not less than those of large, considering (as I have al- 
ways done) that the range of individual magnitude (i.e. lustre) must be so 
enormous that multitudes of very minute stars may in fact be our very near 
neighbours." Compare my paper on " The Sun s Journey through Space," 
above referred to, which paper also deals with the point touched on in the 
next sentence of Sir John Herschel's letter: — " Your remark on the conclu- 
sion I have been led to draw relative to the small eflfect of the correction 
due to the sun's proper motion, will require to be very carefully considered, 
and I shall of couKe give it every attention." 

cc2 



r 



388 POFULAB SCIENCE SETtBTT. 

which the revolutions of the componenta of the syetem must 
occupy. Miidler had already assigned to the revolution of 
Alcor around Mizar (Zeta Ursie) a period of more than 7000 
years. But if these etars, which appear bo close to the naked 
eye, have a period of such length, what must be the cyclic 
periods of stars which cover a range of several degrees upon the 
heavens." (From Zeta to Beta is a distance on the heavens of 
about nineteen degrees.) " The peculiarities of the apparent 
proper motions of the stars," I added, " lend a new interest to 
the researches which Dr. Huggins is preparing to make intotho 
stellar proper motions of recess and approach." " 

But a few months later, in a lecture delivered at the Royal 
Institution I pointed out more definitely what result I expected 
from Dr. Huggins's researches. " Before long," I said, '• it is 
likely that the theory of star-drift will be subjected to a crucial 
test, since spectroscopic analysis affords the means of det^rminiog 
the stellar motions of recess and approach. The task is aveiy 
difficult one, but astronomers have full confidence tbat in th« 
able hands of Dr. Huggins it will be succesefiilly accomplished. 
I await the result with full confidence that it will confirm my 
views." t 

It will be manifest that if the five large stars in L'raa are 
really travelling in the same direction, then, when Dr. Hu^ns 
applied the new method of research, he would find that, so far 
as motion in the line of sight was concerned, these stars were 
either all receding or all approaching at the same rate, or else 
that they were all alike ia shovring no signs of any motion, 
either of recess or approach. 

But in the meantime there was another kind of evidence 
which the spectroscope might give, and on which I formed some 
expectations. If these stars form a single system it seemeii 
likely that they would all be foimd to Ije constituted alike — in 
other words, that their spectra would be similar. Not indeed 
that associated stars always display such similarity. Indeed 
the primary star of a binary system not unfrequently exhibits 
a spectnmi unlike that of the small companion. But the fiv« 
hu^e stars in Ursa, being obWously primary members of the 
scheme they form, might be expected to resemble each other 
in general constitution. Moreover, since the stars not included 
in the set — viz.. Alpha and Eta — might be regarded aa probably 
very much nearer or very much farther away, it wag to be ex- 
pected (though not BO confidently) that these two stars would 
have spectra imlike the spectnim common (on the suppoeition) 
to the five stars. 
• "Proceedings of the Royal Society," Jon. 20, 1870, pp. 170, ITL 
t "Report of the Royal Initieutioti of Great Uriuin," Weekly Evraioff 
Meeting, Friday, May 6, 1870, p. 7. 
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Now, Secchi announced that the stars of the Great Bear, with 
the exception of Alpha, have spectra belonging to the same type 
as the spectrum of the bright stars Sirius, Vega, Altair, Be- 
gulus, and Bigel. This result was in very pleasing accordance 
with the anticipations I had formed, except that I should rather 
have expected t6 find that the star Eta had a spectrum unlike 
that of the remaining five stars of the Septentriones. More- 
over, as the stars belonging to this particular type are cer- 
tainly in many cases, and probably in all, very large orbs* 
(referring here to real magnitude, not to apparent brilliancy), 
the inference seemed fairly deducible that the drifting five stars 
are not nearer than Alpha, and therefore (since we have seen 
that it is imlikely that all the Septentriones lie at nearly the 
same distance) the inference would be that the drifting stars 
lie much farther away than the rest. 

It remained, however, that the crucial test of motion-measure- 
ment should be applied. 

In the middle of May last I received a letter from Dr. Hug- 
gins annoimcing that the Jive are cdl receding from the earth. 
In all the hydrogen line called F, is " strong and broad." In the 
spectrum of Alpha the line F is " not very strong " (so faint, 
indeed. Dr. Huggins afterwards informed me, that he preferred 
to determine the star's motion by one of the lines due to mag- 
nesium in the star's atmosphere. He found that Alpha is ajp- 
proackmg. As to Eta, Dr. Huggins remarked that the line at 
F is " not so strong or so broad " as in the spectrum of " the 
five." He was imcertain as to the direction of motion, and 
mentioned that " the star was to be observed again." He subse- 
quently found that this star is receding. But whereas all the 
five are receding at the enormous rate of 30 miles per second. 
Eta's recession was so much smaller that, as we have seen. Dr. 
Huggins was unable to satisfy himself at a single observation 
that the star was receding at all. 

It will be seen that my anticipations were more than fulfilled. 
The community of recessional motion was accompanied by evi- 
dence which might very well have been wanting — ^viz., by the 
discovery that neither Eta nor Alpha shared in the motion. 
Moreover, the physical association between the five stars was 
yet further evidenced by the close resemblance found to exist 
between the spectra of the five stars. Dr. Huggins remarked 
in his letter, " My expectation had nothing to do with the above 
results. At the moment, I thought Alpha was included in the 

* Sirius 4 demonstrably gives out much more light than our sun, and 
according to the best determinations of his distance he must (if his surface 
is of equal intrinsic lustre) be from 2,000 to 8,000 times larger than the sun. 
Vega, Altair, and Rigel are also certainly larger and may be very much 
larger than our sun. 
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group, and was therefore a Httle disappointed when I fotuid 
Beta going the opposite way." 

We have at length, then, eridence, which admits of no qnea- 
tion — BO obviously conchisive in it— to show not only that 
star-drift is a rtiality but that subordinate systems exist within 
the sidereal system. We moreover rect^ise an unqnt<stion- 
able instance of a characteristic peculiarity of stnicturo in a 
certain part of the heavenH. For, though stnr-drift exirts 
elsewhere, yet every instance of star-drift is quite distinct id 
character — the drift in Cancer unlike that in Ursa, and both 
these drifts unlike the drifts in Taiu-us, and equally unlike the 
drift in Ariee or Ijoo. Much more, indeed, is fontainrd in the 
fact now placed beyond que-stion, than appe.ar8 on the suriace. 
Kightly imderstood, it eshlbits the sidereal system itself as b 
scheme utterly unlike what has hitherto been imagined. The 
vastness of extent, the variety of structiu'e, the cflmplciity of 
detail, and the amazing vitality, on which I havi- long insisted, 
are all implied in that single and, as it were, local feature wliich 
I bad set as a crucial test of my theories. I cannot but feel I 
strong hope, then, that thone researches which my tbeorit* 
snggei<t, and wtiich I have a<lvocated during the last few yean, 
will now be imdertaken by wilting observers. The syst«m of 
stAT^iiging, which the Herechels did little more than illustnte 
(as Sir W. Herschel himself admitted), should be applied with 
telescopes of different power to the whole heavL^ni?,* not to a 
few telescopic Helds, Processes of charting, and especially of 
equal surface charting, should be multiplied. Fresh determin- 
ations of proper motions should be systematically undertaken. 
All the evidence, in fine, which we have, should be carefilllj 
examined, and no efforts should be spared by which new evidcnoe 
may be acquired. Only when this has been done will the tnw 
nahire of the galaxy be adequately recognised, its tJiie vastaMi 
gauged, itfl variety and complejcity imderstood, its Titality 
rendered manifest. To obtain, indeed, an absolutely just ecti* 
mate of these matters, may not be in man's power to comp 
but he can liope to obtain a true relative interpretation of tht 
mysteries of the stellar system. If any astronomer be dispoted 
to question the utility or value of such reaearchee, let bim i«- 
member that Sir W. Herscliel, the greatest of all aetronom«i>» 
■et " a knowledge of the constitution of the heavens," as ** tht 
ultimate object of his observations." 

* TlilB is s work in which t«Ieac<>[>ei of every order of [wwer wvold U 
nadiil. Tho obMrvstlooi, abo, would b« very easily mads and wmU 
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ONE of the most interesting results at which the naturalist 
arrives in extending his researches from the living pre- 
■ent &r back into the remote periods of geological time, is 
that he finds existing between the life-forms of the past and 
paresent, not merely accidental likenesses oir analogies, bat 
actual homologies and relationships. There is, in fad;, no 
ground whatever for the old, and to some extent, stiU prevalent 
dc^^ma, that the several &unas and floras, which in post ages 
successively peopled and clothed the surface of the earth, had 
no direct relationship, either with each other, or with existing 
types. 

Indeed, so strong was this feeling in the minds of nearly all 
the earlier observers, that they hesitated to compare extinct 
organisms with living forms, and were content to accept the 
dictum of those geologists who taught that each series of 
fossiliferous deposits was a distinct creation, being separated by 
a universal cataclysm alike from the preceding and subsequent 
life-periods. It is less than twenty years since the modem 
doctrine of continuity of life on the earth b^;an to be received 
and adopted as the basis of all sound palseontological reasoning ; 
and notwithstanding the numerous breaks that still exist, it is 
nevertheless possible, by reviewing the life-history of any 
particular class or order, to demonstrate that a real continuity 
does exist from the earliest representative down to the forms of 
to-day. 

I propose to take, by way of illustration, a few examples from 
a class which oflTers perhaps the widest geographical and geo- 
logical range, combined with the greatest diversity of detail in 
organisation, of any among the Invertebrate kingdom, namely 
the Crustacea ; confining myself mainly to two of the most 
ancient orders, the Merostomata and the Trilobita. 

In tracing a group like the Crustacea further and yet 
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further back in past time, we find that our enqiiiiy is greatJy 
facilitated, not merely by reason of the reduction of our field of 
observation to a smaller acct'ssible area of fossiliferous depoeits, 
but alBO because the objects themselves become more and more 
reduced, not merely in numbere, but in diversity of forms, 
until at last we arrive at rocks in which the whole class is in- 
cluded in some two or three orders or families. 

Thus in the rocks of Tertiary age Crabs {Decapofla^Braeky- 
ura) are apparently as abundant as in our recent seas. 

But in the Secondary strata we perceive a visible diminution 
in the short-tailed forms, the earliest of which are, at pre- 
sent, only known in rocks of Oolitic age.* 

Lobsters {Decapoda-MctcruTa), however, are abimdant in the 
Oolitic series, and extend back into primary or palaeozoic times, 
the first being found in the Coal-measures. t 

Through all these formations we find representatives of the 
principal living genera, with the exception only of those softr 
bodied forms which could not be preserved in a fossil staU*, 
guch as the " Brine-Bhrimp," Artevnia salkia; Clieii-ocephaiau; 
and the parasitic Lemeonema, Argulits, NicoOioe^ and other 
specialised forms. 

As we scan the record of these old Carboniferous rocks, ao rich 
in organic remains, we seem to stand on some lofty beacon-hill, 
whence we can cast our glance upwards and downwards along 
the stream of time. Beneath our feet lie buried the last re- 
presentatives of those aboriginal races now quite extinct, the 
Trilobita and the Emypterida, whose ancient hosts peopled the 
seas of Devonian and Silurian ages, and reached far away into 
the Cambrian epoch. Beside them lie the earliest representa- 
tives known of our modem Decapods, Stomapods, and Isopods, 
then but few and feeble, but now the dominant races of the 
Crustacean class. 

Is this, then, the barrier-reef between the Palieoeoio and 
Neozoic life-periods? Do we indeed find here the beginning 
of all modem forms of Crustacea, and the ending of all ancient 
ones ? By no means ; nor is there, as we have already 
observed, any period in the whole geological record at which a 
hard and fast Ijne vxa be drawn dividing the class into recent 
and extinct families. 

Certain groups, such as the Entomostraca, are repreisent«d 
throughout. Others, like the Amphipoda, may perhaps extend 

* Oldest known Brilish Cmti, Palainae/uu longipa, IL Woodwud, Poraat 
Huble, MalmesbuTf, Will& See " Quart Journ. Ueol. Soc," 1660, Vol 
XXn. p. 403. 
t Jnlhrapal/ftnm OrouartU, S»lt«r, Cool Mewurei, Luurluliin, Sm 
^j^^Jonm. OeoL Sue:," IHGl.VoL XVU. p.CSl, 
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into Silurian times ; * or, like the Isopoda, may reach back to the 
Devonian epoch.f The Cirripedia, a most aberrant group of 
Crustacea (represented abundantly in the seas of to-day by the 
pedunculated Lepae (^^Ship Barnacle") and the sesAle BcUanua 
(or " Acorn Shell "), so common on the bottoms of ships which 
have been long at sea, and upon the piles of piers, and on sea- 
walls, and rocks washed by the tide), carry back their histoiy, 
the latter through the Tertiary rocks to the Upper Chalk,} the 
former to the earliest Secondary rocks, whilst a single form is 
foimd in the Wenlock shale of Dudley (Upper Silurian).§ 

The King-Crabs, next to the Entomostraca, imdoubtedly 
enjoy the most extended range in time ; occurring in consider- 
able numbers in the Lithographic stone of Solenhofen, with 
characters scarcely, if at all, differing from those species now 
foimd living on the east coast of North America and in the 
seas of China and Japan. About seven species occur in the 
Coal-measures (See Plate XC, figs. 6, 7, 8,), and one actually 
in the Siliurian (See Plate XC, fig. 9) of Lesmahagow in 
Lanarkshire ; | these palseozoic forms closely resemble the larval 
stages of the living Limulus (See Plate XCL, figs. 21-24). 

The accompanying Table will best exhibit the successive 
appearance of the chief orders of Crustacea, and beside them 
are placed the Arachnida, the Myriapoda, and the Lisecta, with 
their representatives in palseozoic strata ; thus giving the range 
of the entire sub-kingdom of the Abthbopoda in time. 

But omitting the solitary instances, already referred to, of 
those higher forms which have left traces of their existence in 
palseozoic times, it is evident that, from the Carboniferous strata 
downwards, we have to deal for the most part with three 
great groups of Crustacea, namely the Merostomata, the Trilo- 
bita, and the Entomostraca. 

The first of these, the Merostomata (or thigh-mouthed 

* I believe the form I have described under the generic name of iVecro- 
gammarus, from the Lower Ludlow, to [be an Amphiphod. See ^ Trans. 
Woolhope Club, Hereford," 1870, p. 271. 

t I have described a part of a giant Crustacean, which I belieye to be an 
Isopod, under the name of PrtBorctitnu giff€u, from the Devonian of Here- 
fordshire. See " Trana Woolhope Club, Hereford," 1870, p. 266. 

t Pyrgoma cretaoea, H. Woodward, <<GeoL Mag.," 1868, VoL V. p. 258, 
pL xiv. figs. 1, 2, 8. From the Upper Ohalk near Norwich is at present the 
oldest 

§ TurrOepai Wrightu, H. W^ QooL Soa," 186fi; 

VoL XXL p. 486, pL zi?. iigii. "^ 

Neotitmdui fOeatm, H. ^oL V. p. 1, 

pL i. fig. 1. 
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Cmstaoea), are divided into two sub-orders, the Eorypterida and 
the Xiphosnnu These may not inaptly be oomparod with the 
higher Deci^oda, whieh are divided into Biachyura (short- 
tailed) and Macrora (large or long-tailed) ; for in the Enryp- 
terida the segments of ^e body are distinct and well developed 
(Bee Plate XC, figs, 1, 2, 3, 4), whilst in the Xiphosura or 
^King-crabs," they are coalesced and cephalised (Plate XC, 
HgB. 6, 7, 8, 9). In both, however, the details of their organi- 
sation are arranged upon a common pattern. 

In the Crab and Ix>b6ter the compound eyes are placed on 
movable eye-stalks ; the antennse, the mouth-organs and the 
organs of prehension, locomotion, and respiration, are all con- 
structed on a common plan.* But the body-segments^ in the 
Crab are reduced to a minimum size, and merely subserve, in 
the female, as a cradle or marsupium for the eggs before 
hatching, while in the male ihey are quite rudimentary. In 
the Lobster, on the other hand, the body-segments in both sexes 
axe well developed, and serve as a most powerful swimming 
organ, by which the animal can by a sudden jerk propel itse& 
through the water with great velocity. 

All the Merostomata have large compound sessile eyes, or, if 
pedunculated, the stalk is immovably fixed to the carapace. 
The larval eye-spots, or ocelli, are usually distinctly seen. The 
appendages are not specialised and set apart for separate duties, 
as in the higher forms of Crustacea, but alike fulfil all the 
functions of locomotion, prehension, and mastication, and for 
this purpose are arranged around the mouth (see Plate XC, 
fig. 1 ). The branchiae and organs of reproduction are borne 
upon a series of lamelliform plates, which are in feet the 
modified pairs of limbs, attached to the under surfince of the 
thoracic segments ; there being as many as six plates in Li/nvw- 
l/ue, five of which are branchiferous, and probably only two, or 
at the most three, in Pterygotvs. The remaining segments are 
destitute of appendages. 

In the Eurypterida the body-segments are largely developed 
for swimming (as in the Lobster); whilst in the Xiphosura 
they are reduced to a minimum size (as in the Crab). Lastly, 
it is the long-tailed division in each order which is the oldest 
group, the more cephalised tjrpe in each being also the more 
modem. 

We have thus seen that Limulue and Pterygotus are as 
intimately related as Crabs and Lobsters are to each other at 
the present day ; but nevertheless the type of Pterygotvs is a 
very abnormal type. Let us see what we have like it among 
living forms. 

* C^ee an article on the Lobster, by Mr. St. George Mirart, F.L.S., in the 
»^nce Reyiew/' 1888, Vol. VIL p. 345, pi. xxii. 
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If we glance for a moment at the larval stage of that noik 
specialised and highly developed of modem Crustacea tbc Cab, 
depicted on our plate (PI. XC. fig. 11), we find that in ita 
zooid state it has gesale eyea, a long body, destitute of any i^k 
pendages ; it has no walking legs, but it is a free-swimmil^ 
form, pertbrming its locomotion with its marilUpeds or jaw- 
feet, which are greatly developed, serving as a pair of looR oaiB 
similar to those with which Styloaurug Loj/ani is fumiahed. 
(PL XC, fig. 3). 

Indeed the larva of this highest form is the most apt illtutn* 
tion of our ancient order the Merostumuia. 

lAmulua is living to-day to represent his great ancestor in 
the Silurian epoch, but we find that the palaeozoic King-crafae 
are i»till more closely and suceessfidly represent^-^, not by the 
adult, but by the larval stages of the living King-crab, repre- 
sented in our illustration (compare figs. 6, 7, 8, and i), on 
PUte XC, with figs. 21, 23, and 24 on Plate XCI. 

We thus arrive at another interesting deduction, namely, 
that the stages of development of the individuals of to-day 
are a reflection of the life-history of the class in poet geological 
time. It ia worthy of notice, when speaking of the Mero»- 
tomata, to point out that we have intermediate forms affordini; 
cliaracters between the long-bodied Ptciyt/olus and the sbort- 
bodied lA/muhis, namely the genus Hemiwtpia (see Plate XC, 
fig. 5). There are also three lluBsian forms named I'aeudnniaau 
aciileatuB, Exapinurua Hckrenkii, and Bunodes lunula, in 
which the hinder segments of the body are sensibly diminisbed 
in size and reduced in number. 

A similar gronp of irregular forma (the Anomoura) ezittJ 
■among the living Decapoda. 

When we turn to the Phyllopoda and Ostracoda, among the 
Entomostraca, we find numerous forms tn the palieoioie 
rocks, which are readily comparable with those now existing, and 
differing chiefly in their greater size as compared with Uving 
types. 

The one figured on our engraving (Plate XC, fig. 10), 
Dilhyrocaria Scoulen, McCoy, will serve as an apt illustration 
of a palaeozoic phyllopod, reminding one strongly of the n>- 
eent Jpus and Nehalia. 

The Entomostraca were probably as abundant in past ttmea« 
as at the present day, their remains often forming almost, entire 
strata. 

We do not propose to treat of tbem in the present ariichs) 
but merely to point out that they are the moat persistant group 
among the Crustacea, being found from the Cambrian period 
to the seas of to-day ; lowness or simplicity in organisatioil) 
with great powers of vitality and reproduction supendd«d( 
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hdng the most satis&ctory explanation by which to account 
for their longevity. 

The group which has attracted perhaps the greatest amount 
of attention, and upon which vast labour has been bestowed 
with little or no result commensiurate therewith, is that of the 
Trilobites. 

This is a truly palseozoic group, and, so far as we are aware, 
an extinct group, although this is always a difficult point to be 
dogmatic upon. 

Look, for example, at the LimulidsB. We have living Kong- 
crabs as fEur apart as on the east coast of North America and 
* along the coasts of China and Japan, &c. We find them again 
in tibe Oolitic beds of Solenhofen in Bavaria. Again in the 
Goal-measures of England and Illinois; again in the Upper 
Silurian of Scotland. 

We cannot doubt the continuity, but the gaps are enormous. 

Nor can we, by the same rule, positively assert that the 
Trilobita are a strictly palseozoic type, and will never be foimd 
in neozoic strata. 

In taking a general review of this great family or order, so 
widely distributed through the older sedimentary deposits, one 
is naturally struck by the immense amoimt of variaticni of 
fomij brought about simply by the modification of a single 
plastic type, and that, apparently, a very elementary one. 
Yet by means of diverse ornamentation, in the way of spines, 
warts, and tubercles, by compression in one direction, by 
elongation in another, by adding to the normal number of 
s^ments of the body, or by subtracting therefrom ; by en- 
largement or reduction of the eyes (the only organs seen upon 
the dorsal aspect of the body), we obtain — as with one of those 
amusing human faces in vulcanite india-rubber that children 
delight to contort — all those endless modifications of expression 
of form possible to the frame of the highest vertebrate organism. 

In the present state of our knowledge it is very difficult to 
speak at all positively of the organisation of this group, but I 
incline to the belief that they conceal beneath their apparently 
simple structures evidence of more than one order. 

For instance : they indicate, in some points, a close relation- 
ship to the Phyllopoda. We find in both the articulated 
labrum ; and although we have not as yet obtained clear evi- 
dence of the maxillae in the Trilobita, we are justified in con- 
cluding from analogy that they possessed such organs.* Again, 

* See note on the " Palpus and other Appendages of a Trilobite/' by 11. 
Woodward ; and a paper on the '^ Supposed Legs of Trilobites/' by E. Bil- 
lings ; « Quart. Joum. GeoL Soc." 1870, VoL XXVI. See also II. Wood- 
ward " On the Structure of Trilobites," " GeoL Mag." 1871, Vol. VIU. p. 

289, PI. vni. 
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Id both the Trilobites and Fhyllopods we find genera in wluob 
a greater number of segments Is attained tliaa the Doraal 
number in the Crustacean type. Thus in ConocepkalAis there 
are sixteen (reckoning only one each for the bead-ehield and 
pygidium), in Paradoxides twenty to twenty-two, in AretJiUJivna 
twenty-two, and in Harpes twenty-eight ; and if we look upon 
the bead-shield and tail-plate as composed of Beveral body-rings 
united together — ^whieh aeeniB certainly to he the correct Titrw — 
we have forms presented to U3 in which tlie muIti|Jicatii>D ot 
segments like each other is one of its peculiar features, illos- 
trating that form of growth which Professor Owen has moat 
aptly described as a vegetative repetition of part& 

Barrande, who has made a special study of this groi^), when 
writing recently upon the divisions of the body, divides then 
into four groups : 



The first with from 1 to 4 free 


nnd movaUe thowdc »epnieiil«, 




oontuBing 2 


The Hecond „ G to 9 „ 


.. .. .. S4 


The third „ 10 to 13 „ 


» t. » 39 


The fourth „ UtoSfl „ 


» 10 



We thus perceive that those fomu of Trilobite* ha^'ing a 
great excess of free segments is not large when we consider ttw 
whole as a group. 

In the higher and more specialised forma nf fsopoda of tba 
present day we do not iind the number of segment:) absolutely 
adhered to without any variation ; on the contrary, we con- 
stantly meet with individuals in which more or fewer segments 
are welded together, so as to conceal the normal number of 
seven thoracic somites between tlie head and the alxlomen. 

Such being the case, we cannot be surprised to find < 
aiderable variation in a group like the Trilohita, which, if tlic^ 
really are the remote ancestors of the rewnt Isopodo, must be, 
according to the views I have suggested above, the prototypes 
of the larvaj rather than of the adult stage of the living form. 

Dr. Dohm and other writers upon the Arthropoda hare 
painted out the remarkable similarity between the larval 
stages discovered by Barrande of certain forrn^ of Tnlobttee, of 
which we have reproduced two sets, namely TrinufUua or- 
TWivs, Stemb., and Sao hu-mita, Harr. (^i<.■e PiaU- XCI., fi^ji, 
1-8, and 9-15), and tin- lar\»l s»tgea r;b~.erveA^D thv Uvinj; 
Limulvs (Sec PUttc .\('I., lih24). J^^^hrvw of 

tlii> Trilobiics pat's tlirmi^b ^res a^^M^^^Bntcbed, 

whilst those of Lmvuhis t th ' t it 

mind that in the Tril^l-iti. r>i ^ 

sessing in many ciisea ' ■ 

covered by a firm t" 
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a lai^ number of genera), it is hardly probable that mere 
branchial feet would serve for their locomotion. 

If, however, each free and movable thoracic s^ment was 
furnished with a pair of appendages, as among the modem Iso- 
pods, and as is also indicated in the larva of the earliest stages 
of development within the egg of the modem Limulus 
(See Plate XCI., figs. 17-19), then another point is gained 
in our investigation, and we see that the earliest embry- 
onal stages are those which naturally foreshadow the earliest 
and simplest adult forms. In other words, all the immense 
variety of forms in a group are but the expression of the sum 
of the stages passed through by the highest individual in 
arriving at perfection 

Another relation which the Merostomata and Trilobita ex- 
hibit, and upon which much stress has been laid by Dr. Dohm 
and Prof. Haeckel, is that between these palaeozoic types and 
the Arachnida ; particularly between the Eurypterida and the 
Scorpionidse. 

And it is a most significant fact that the earliest Arachnides 
occur as far back as the Coal-measures, where the last of the 
Eurypterida and the Trilobita are also met with. Anyone who 
has examined a scorpion, or is acquainted with its form and 
structure from books and drawings, cannot fail to be struck by 
the remarkable resemblance between it and the Eurypterida, 
even to the arrangement of the appendages, the position of the 
eyes, &c., &c. Indeed; we may very fairly infer that from this 
division of the Crustacea the Scorpionidae of to-day were derived. 
Nor is there any insuperable difficulty in accepting this view 
on sound physiological grounds. The possibility of an animal 
passing through larval conditions, casting aside, at even a 
single moult, its branchiae, and assuming aerial respiration, 
quitting the water and inhabiting the land, changing its ele- 
ment, its diet, its mode of progression, and its entire Ufe, is no 
chimerical speculation. Such cases are familiar to the ento- 
mologist,* the carcinologist,t and even to the herpetologist.J 

But the acceptance of this proposition does not, as has been 
assumed by these writors, necessitate the removal of the 
Eurypterida from the Crustacea; on the contrary, as Fritz 
Miiller well observes, " If all the classes of the Arthropoda 
(Crustacea, Insecta, Myrapoda, and Arachnida) are indeed all 
branches of a common stem (and of this there can scarcely be 
a doubt), it is evident^ that the water-inhabiting and water- 
breathing Crustacea must be regarded as the original stem 

* The larval and adult Libellula^ Ephemera, &c. 
f Gecarcinus rttricola, and other land-crabs. 
X The Batrachia, 
VOL. XI. — NO. XLV. D D 



from which the other (terrestrial) cUsses, with their 
respiration, have branched off." ■ 

Viewed as a whole, the Crustacea probably present to us Uie 
best zoological illustration of a class constructed i 
type retaining its general characteristics, but capable of end- 
iesa raodiflcations of its parts, so as to suit the extj^me require* 
ments of every separate species. 

And it is doubtlesa in great degree due to this jilastidty nf 
structure, enabling the species to occupy such diverse positiona, 
and to subsist upon such varied aliment, that the clas* owe* 
its preservation through the lapse of ages repreaent^d by the 
long series of geological formations, from the Cambrian stnta 
to the present day. 



EXPLANATION OF PLATE SC. 

!. Ptrrf/ffolui anglu^a, AgMMz, ventral aspect restorwl. From Uie 

Devonian ef Forrnrshire (about one-mxteenth natural Bii«). 
!, SUmonin ananmcOn, H. Woodw., dorsal aspect ivstonMj. Froin 
the Upper Silurian, Leamnhagow, Lanoikahire (about iuie> 
ninth natural size). 
I. Stylananu Log/mi, 11. Woodw., dorsal aspect rcetored. Fraax tilt 
Upper Silurian, Lesmaliagow, Lanarkshite (about ana-ludf 
QBtiuol aiie), 
. Ewryplrrw Scoiiltri, Hibbert, dorsal aspect reBtorwl. From tlta 
CarbonifuiDus limestone of Klrkton quan^ anit BuhgsU^ 
West Lothian (about one-eig-Lth natural (iiu). 
, Sftnianpi* limuloiiU; H. Woodw., dorsal aspect. From the 
Lower Ludlow Leintwardine, Shropshire (about two-tluTdt 
natural uxe). 
i>M(inoA«i f(rfunrfo(a,H. "Woodw,, Coal-measnraa, Ironstone, CcmI- 
brook Dale (about two-thirda natural siie). 
, BtUiimna Kiinigi'inuii, H. Woodw. «p. nov. Coal-meaeuros, Dudley 
Ooal-field, in claj iroostone (natural size). 
rrattcichia Su-ticetH, II. Wood. ap. nov. Coal-meaaurw, Corn- 
field Pile, near I'adiham, Lancaabire (natural aizu). 
Nealintidiu fakalus, TI. Woodw. Upper Silurian Lesmabti^Dw, 

Lanarkshire (twice natural alic). 
Dilhi/rocarii SeouJeri, ilcCoy, Carboniferous, Ireland (one-flfUl 

natural aizu). 
Larva or Ziiea of (lie common "Shore-crab," Girctniu niimM, 
Penn. 2nd »tage, copied from Mr. G. Spenee Itato'a "gmfrr oa 
the " DevetnpnieDt of Decapod Cnutacea," Pliil. Tma. ISfiE^ 
p. S8P, PI. XL. 



' " Facts and Arguments for Darwin." by Fritx Miiller (p. ISO), 
lafwl from the German bj W. S. DaUa*. F.LS., &c. 
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{Figs. 1-0, copied and reduced fr(mi the plates illustratinp: Mr. Henry 
Woodward's Monograph on the Merostomata, published in the volumes of 
the PaUeontographical Society, 1867-72.] 



EXPLANATION OF PLATE XCL 

[This plate is reproduced here by permission of the Council of the 
G^eologicaJ Society of London from a paper by Mr. H. Woodward, " On 
the Belationship of the Xiphosura to the Eurypterida, and to the Trilobita 
and Arachnida.'* See " Quart. Joum. Geol. Soc," 1872. Vol. XXVin. 
p. 46.] 

Fias. 1-8. Tnnucleus omatus, Stemb. sp. (copied from Barrande's 
" Systdme Silurien du centre de la Boheme/' Prague, 1852, 4 to, plate 80). 
Specimens arranged in series according to their supposed age. (All the 
stages figured byBarrande are not given here.) 

Fie. 1. Young individual, destitute of thoracic segments, composed of 
head-shield and pygidium only. 
,, 2. Another of the same stage, in which the genal or cheek-spines are 

developed. 
,y 3. Individual with one thoracic segment developed, but without the 

genal spines. 
„ 4. Another of the same stage, with the genal spines. 
,y 5. Individual with two thoracic segments, and in which the genal 

spines are present. 
jf 6. Individual with three thoracic segments, and possessing the genal 

spines. 
„ 7. Individual with five thoracic segments, but without genal spines. 
„ 8. Adult Trinuclem, with six thoracic segments and fully-developed 

genal spines. 
Fios. 9-15. Sao hirmta, Barrande (copied from plate 7 of Barrande's 
work above cited). Barrande figures twenty stages of this Trilobite, of 
which we have only reproduced seven. 

Fig. 9. First stage. A young individual in which the limit of the bead- 
shield is not indicated as separating it from the pygidium. 
„ 10. Second stage. Young individual with the head-shield separated, 
and having inclinations of three soldered segments to the 
pygidium. 
„ 11. Third stage, in which the genal angles of the head and the spiny 
border of the pygidium are well seen, and four or five soldered 
segments indicated. 
„ 12. Fourth stage, in which two free thoracic segments are developed 
behind the head, and two or three soldered segments represent 
the pygidium. 
„ 13. Fifth stage, in which the thorax is longer than the head, and is 
composed of three movable segments and three soldered seg- 
ments in the pygidium. 
„ 14. Sixth stage, in which four free segments succeed the head, and 
three or four soldered segments form the pygidium. 

DD 2 
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Fig. 15. Tenth stage, in which eight free segments succeed the head, And 
three soldered segments form the pygidium. [In the twentietli 
stage iigured hy Barrande the adult has seventeen &ee 
thoradco-abdominal segments and two soldered ones (the 
pygidium).] 

,, 16. Egg of Limulus pofyphemus: a, the chorion; b, the exochoium 
(after Dohm ♦). 

ff 17. Third stage in the embryo of Limulus : a, chorion ; b, exochorion 
(after Packard t). 

„ 18. Fourth stage (?) in the embryo of Linudus (after Dr Packard*at 
figure). 

J, 19. Fourth stage (P) in the embryo of Limtdus: 1, antennules; 2, 
antenna ; 3-6, maxillipeds ; 7 and 8, thoracic plates afterwards 
bearing the branchiae ; m, the mouth ; x, the OTarian apertures 
(?) ; a, the abdomen (after Dohm •). 

„ 20. Fifth stage (?) of embryo of Limulus (after Dohm*). At this 
stage the exochorion is split, and the chorion is expanded by 
the admission of water by endosmose, in which the embryo is 
seen to revolve. 

„ 21. Ninth stage (?) of embryo, 'just before hatching* (after Pack« 
ard t) : dorsal aspect. 

„ 22. The same : side view of embryo. 

„ 23. Larva of Limultu recently hatched (after Packard t). 

„ 24. Larva of Limulus on hatching (the " Trikhitenstttdiuin *' of 
Dohm •). 

• **Zur Embr}'ologie und Morphologic des Limidtts polyphemus,^^ Von 
Dr. Anton Dohm. (Jenabchc Zpitschrift, Band vi. Heft 4, p. 580, Tafeln 
xiv. XV.) Received September 30, 1871. 

t *' On the Embrjologry of Limulus polyphemmy liy A. S. Packard, 
Jan., M.D. Head before the American Association for the Advancement of 
Science, August 1870. (" American Naturalist," vol. iv. No. 8, 1870, 
October, p. 408.) 
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LYELL»S PRINCIPLES OF GEOLOGY.* 

THE second volume of our greatest geological masterpiece has appeared. 
It is now in its eleventh edition, and it is, as it has been since its first 
appearance, unquestionably the largest, fullest, and most interesting work 
upon the principles of geological science which the world has produced. It 
is marvellous how an author who has been so long before the public is 
withal so ready to acknowledge himself mistaken whenever clearly estab- 
lished evidence is brought before him. And this we consider the greatest 
feature in Sir Charles Lyell's character ; for we have not to travel far to 
find other masters, in their peculiar department, who have their ideas a& 
firmly fixed now as they were when first they appeared upon the literary 
world. But the author of the splendid volume before us is not of that 
daas. On the contrary, we find in this volume that he has considered all 
that has been written since the last edition was published, and that he has 
in every case dealt in the fairest manner, even with antagonists whose 
rivalry is unquestionable. In this volume the subject of volcanoes forms 
the contents of the first couple of chapters. Then follows earthquakes, 
dealing with those of the present and past centuries. Next in order we are 
treated to the elevation and subsidence of land without earthquakes ; and, 
lastly, to the cause of earthquakes and volcanoes. This completes Book II., 
and it leads us on to the most interesting as well as most novel portion of 
the present volume, that which deals with the changes of the organic 
world which are now in progress. Under this general heading we find about 
four hundred pages devoted to the following highly interesting subjects : — 
Lamarck, on the transmutation of species; theories as to the nature 
of species and Darwin's views; variation of plants and animals under 
domestication, viewed as bearing on the origin of species ; natural selection ; 
the geographical distribution of species ; the migration and difiusion of ter- 
restrial animals; insular floras and faunas, considered with reference to 
the origin of species ; extinction of species ; man, considered with refer- 
to hit origin aad geographical distribution; and, lastly, the en- 



f i or, the Modem Changes of the Earth and its 

>uitrative of Geology." By Sir Charles Lyell, 

edition. VoL II. London : John Murray, 
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closing of fassils in peat, blcnra email, and volcanic ejection*. The TMdct 
niaj reiidilj perceive tl)«t within this list oT beading ia incluilud, if not •S, 
at least the great proportion of those subjecU -which are at the prwna 
tnonient of the verv highest intereet to men irho haro even the aligjilial 
CO reside ration foe the great aeereta and trutha of science. It ii clear thai, 
even if we confined our attention to the more distinctly novel portimu «( 
the Toliinie, we abould far exceed the limits of our reviewinf^ chapter. To 
deal even hrieflj with them would be more than we can do. We eball, 
therefore, just give the headings of the absolutely new additiooa to the toIud* 
under notice, and afterwards we shall trent of one or two subjocta whidi 
appear to ua to merit our epeciol attentioi). Th? peculiar Dovoltieii of Ibli 
portion of the work are the following: tbe New Zealand gejeei^ ni 
reference to Dr. Tjudall's illustration of the probable mode of geyser-action; 
Mr. Scrope, on the action of water in volcanoes; Sir John Hersdtel and 
Mr. BabbagQ] on transfer of sediment csuaing the shifting of the aubtar- 
mnean isothermats; Mr. ^'ollace, on the Kngle origin of thu dog; Ik 
Darwin, on kxubI selection ; the Iter. T\. T. Lowe, on the arriTal of a 
flight of locusts in Madeira; Mr. Darwin, on some cases of abnomial alroc- 
ture in prehistoric man corresponding to the structure of the same parla ta 
some lower groups of animaU ; Mr. Mivart'a objections tn the theiory of 
natuml anlection, and Jlr. Darwin's reply ; temperature and fauna of Lab 
Superior: and, finnlly, tho depth to wliich the ocean is inhabited, as ilhi^ 
tiaCed by di-ep sea-dredgings, and the amount of diflervnce of tha oMWiIe 
&una in adjoining warm and cold nrea-i. Now, tbe matter eiitirel;^ un 
that ia introduced under these successive heads is very crtenuve. Wt 
shall, therefore, eonliDe our attention to one or two of tbe recent poilltit 
And Srsllj, of ibe dog-, as lu n-hether he comes from several different jm- 
geuilora or from one (single animal, the wulf. Sir C'baclea Lyell mty», that 
in regard to the origin of the various caaiDi' races which have been doaaa- 
ticoted by man in all parts of the world, there is still no small diveraitjr ot 
opinion. Mr. Darwin, after an annlysia of all that has been written on tha 
subject, inclines to Pallas's belief, that the dog hax a multiple origin : for 
example, that more than one :^pecics has been blended together tn prodnoe 
our present distinct races. John Iliuiter contended that dog, wolf, and 
jaekall were all one species, because he had found that the dog would 
breed with the w.ilf and jackall, and thai the mule in each case would tmod 
with the dog. " In these cases, however," aaya Sir Charles Lyell, " h may 
bo observed that there was always one parent at least of pure breed, and BO 
proof was obtained that a true hy'brid race would bo perpetuated." " Tba 
main argument in favour of different breeds of doga being the deacendanta ot 
dMinct wild storks is their resemblance," says Mr. Darwin, "in vafinoa 
countries to indigenous species still existing there. For instanoe, the 
dumeslic dogs of the .American Indiana resemblo North American woItm; 
the shepherd dog of Hungary is extremely like the I'^uropnnn wolf; ika 
'c dog of Asia resembles the jackall." Hut Mr, Wallace baa it^- 
d to Sir C. I.yeil that evidence of this nature loses much r.f its weight 
nve take into conndeiation aome cases of modification given by liinB 
I'Ht. Darwin, and cited by Mr. Mirait in his "Ocnuib of SpadtML" 
J distinct species of butterflies are i-hown to be uinilarly UDdiAed In 
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the same localities ; in some districts acquiring more elongated wings, in 
others losing their tails, in others again becoming enlarged or diminished in 
siie, and so on. Mr. Meehan has shown the same thing in regard to 
American and European trees. So also has M. Coste shown that English 
oysters, when placed in the Mediterranean, become like the native oysters, 
and soon acquire prominent converging ribs like those of the Mediterranean 
oyster. The same thing may be said of the Cape hunting-dog and the Aard 
wol^ both of which bear a strong external resemblance to the Hyaenas. 
Thus Mr. Wallace thinks it more probable that the dogs of various regions 
have been thus modified so as to correspond to native foxes, wolves, and 
jackalls, than that they should have been descended from such very distinct 
species, ''and have mysteriously acquired the power of breeding together and 
producing fertile ofispring, which these species themselves do not possess." 

In regard to sexuid selection also Sir Charles Lyell makes some important 
remarks. Indeed, in this respect he seems almost to have accepted Mr. 
Darwin's ideas. Thus he says that a considerable number of the most 
striking external characters of animals are confined to one sex, such as the 
horns and canine tusks often found in the males only of quadrupeds, the 
ornamental plumes, gay colours, and musical voices of male birds, and the 
varied horns and excrescences of male insects. '' Mr. Darwin has shown 
that these characters are often useful to the males in their struggle for 
mates. Some actually fight together, and the possessor of the greatest 
strength and the best weapons will be the parent of the next generation ; 
others captivate the females by their beauty or their song, and these, by 
obtaining the earliest and most vigorous mates, will have the most nume- 
rous and healthy ofispring. Favoured individuals will thus have an advan- 
tage in the transmission of these peculiarities; and in this manner Mr. 
Darwin believes have been produced the noble antlers of the stag, the sharp 
spurs of the cock, and the gorgeous train of the bird of Paradise. Sexuid 
selection thus becomes an important supplement to natural selection, and 
may enable us to account for structures which could not be explained by 
the mere ' preservation of favourable variations in the struggle for Ufe.' " 

There is one more point to which we would refer ere we close our notice of 
this remarkable work. It has reference especially to the Darwinian view 
of our origin from the lower animals, and it certainly bears very strongly 
upon it. To a rational mind there seems to be very little difficulty in 
believing that man has proceeded from some of the Quadrumana. But 
to those who are differently constituted it is otherwise, and hence every 
argument in favour of the view is necessary to be brought forward. The 
present argument is comparatively a recent one, and assuredly it is very 
forcible. It is as to the resemblance between the humerus of prehistoric 
man and that of the Quadrumana. For example, in the latter and the 
camivora there is a passage near the lower end of the humerus, called the 
supra-condyloid foramen, through which the great nerve of the fore-Umb 
passes and often the great artery. Now occasionally this foramen occurs in 
man with the nerve passing through ^it, and it is remarkable that the per- 
centage of the occurrence of this variation is greater in ancient than in 
modem races in the proportion of nearly 30 to I. This has been ascertained 
lij the examination of large nimibers of arm-bones of the Bronze and Rein- 
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deer periods, flud Mr. Dwwin cemittka tbat one cliief cnuse of Uus Dstt 
approach of ancieut racea W the type of attucture of the lower animnls seemi 
) " that RDcieDt mees stand Minewliat nearer in the Ion); lioe of descent 
to their remote animal-like progenitota than do the lundem racea." 

~ it ■wo must draw our notice of this attractive hook to a close, and 
while we do bo we cannot help offeiing ouj hest thanks to the anthorfor hi* 
laborious efforts in producing edition after edition of his several woriu. 
And we would aUo ohserre that our gratitude is due not only for tlie 
BBsterly character of the labour but alao for the manly and foarlesa manner 
in 'which our author expresses opinions which, thoug-h he muat know ihem 
to be obnoxious to nioiiy, he nevertheless expresses as the only reeulu of 
calm, carefiil, and conscientious scientific research. 



P.VTTERXS POR TURNING.' 






THIS is a curious hook, by no means a common one, and one which 
should think will he very highly prized by all who understand pnc- 
lically the principle of the lathe. For all others it is a book vliich is, Irani 
its iadulgeucc in technicality, utterly unintelligible. It is, bowerer, to tb« 
expert a work which he must Taiuo from the number of bints and deactip- 
tions of novel proceases which it conbuos. Berades, it has nearly Mventy 
plates of figures cut by the lathe, which the author assures as have been 
executed by himself. To one who is inexperienced in the principlea of 
turning they do not seem particularly attractive, being all more or l«sa likA 
the other. But then we fancy the " Tumor " will esteem tbem tery highly, 
and doubtless they look even better upm the block na cui by the Inlhe than 
they do in the engraving. Uowover, we think it a pity the author did 
addreas himself to beginners excluBively, for wb belicTO it to be impossible 
for one who is not already acquainted with the lathe to learn anything what- 
ever from Mr. Elphinstone's book. Slili the " Turner " par nj-rvllenci! will 
find it most interesting. The patterns contained in the book can be cut, the 
author says, on a lathe furnished with a division plate, an oruamnntul elide 
rest, an eccentric cutting frame, and an overhead motiun. FurtbermAK it ia 
asserted that moat of the patterns con be cut by anyone who cad add and 
eubtmct numbers containing two figures and the fractions J, i, and J. I'lu 
book is handsomely turned out 



THE SMITHSONIAN REPORT.t 

THE Smithsonian Report for 1871, which has been recently ii 
though late in its date of publication, a most interesting volumr, partly 
Hlled of coursQ with the monetary concerns of tbn Institution wbicH 

■ Patterns for Turning, compriBing Eili|iticftl and other Fijrureacnt ni 
lAthe fciVAout the use of any Omamuntjd Chuck, ity JL W. £lphiiurtaiW[ 
with 70 illustrations. London: John Murray. 1^72. 

. t Annual Report of the Board of Rejfonts of the P»"^ 

^M, for the year 1870, at WasliingtoTi. GoTWIU 
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publishes it, but in great portion occupied with a series of papers of the 
utmost interest and importance to scientific men. It is indeed an admirable 
work, and is, we should think, first par exceOenoe of all scientific annuals in 
the United States. Certainly a great deal of credit is due to the general 
experience of the Editor, and to the skill by which he selects both articles 
and writers. The articles in the present volume have most of them a high 
Talue, and though some of them are translations of not extremely recent 
papers, still they have an importance from the fact of their being valuable 
additions to the particular branch to which they belong, and also from the 
circumstances that few of the great mass of scientific readers are sufficiently 
acquainted with German or French to take them in satisfactorily in their 
original shape. The contents of the general appendix are as follows : — A 
Eulogy on A. D. Bache, by Professor Joseph Henry ; Lecture on Switzer- 
land, by the subject of the preceding paper ; on a Physical Observatory, by 
Professor J. Henry ; the History of My Youth, an autobiography of Francis 
Arago ; Eulogy on Herschel, by M. Arago \ Life and Labours of H. G. 
Magnus, from the " Archives des Sciences " ; The Life of Professor Chester 
Dewey, LL.D., by M. T. Anderson, LL.D.; On the Nature and Origin of 
Force, by W. B. Taylor ; Induction and Deduction, a discourse by Justus 
Baron von Liebig; The Relation of Food to Work, and its Bearing on 
Medical Practice, by the Rev. Samuel Haughton; Hydrogen as a Gas and 
as a Metal, by Dr. J. Emerson Reynolds ; On the Identification of the 
Artisan and the Artbt, by the late Cardinal Wiseman ; and on the Diamond 
and other Precious Stones, by M. Babinet. Now, besides all these, most of 
which are really papers of exceeding interest, there are a series of smaller, 
more numerous, and equally valuable papers on Ethnology, Physics, and 
Meteorology by various foreign and American authors, thus completing a 
volmne which is most creditable to the Institution from which it issues, 
imhappily a little too late. It seems to us that of all the papers which 
the work contains those on Gustavus Magnus, on Induction and Deduction^ 
and on the Relation of Food and Work, are unquestionably the best in point 
of style and in regard to the matter they bring forward for discussion. 
W^hilst, unquestionably, the weakest article in the volume, as well as the 
most antique, is that of Cardinal Wiseman on the Artisan and Artist \ and 
we say so from no religious prejudice, for some of the Cardinal's writings we 
particularly esteem. But of the three articles we have mentioned, Liebig's 
is unquestionably the most interesting, the Life of Magnus being short and 
very general, and Professor Haughton's paper having been very thoroughly 
brought before London readers in other journals. But Baron Liebig*s 
paper, while strictly scientific, is withal a contribution which may be read 
with interest by any intelligent reader. It deals both scientifically and 
popularly with the subject, and shows that what too many imagine, viz., 
that a knowledge of logic must precede discovery, is by no means true. In 
science as well as in common life the operations of the mind are executed, 
not according to the rules of logic, but the conception of a truth; the idea 
of a prooesB or the cause of a phenomenon generally precedes the demonstra- 
'^flQ : the conclusion is not reached through the premises, but the conclu- 
* before^ and the premises are then first sought out as proof. 
1^ Htya that '' in a conversation with a celebrated French mathe- 



r 

I 



410 POrOLAB BCHSCE eeyibw. 

matician on the part wliicli llie intftginfttive facully benra in scientifc 
laboure, he expressed liimaelf to the effect that by far the greater number ot 
mftthemfttical truths are obtdned, not by deduction, but through the iiiTEii- 
live or imagictttive power, and in this ha had a view even to tha propertiu 
of the triangle, the ellipBis. &c, which is saying little elfie than th»t ^a 
math ematj dan as well as the phyaciat can do nothing for hia science witboDt 
artiatic endowment." We hate selected the foregoing as a sample of the 
Baron's ideas, and we doubt not tbat most of our readera will tboroogUf 
agree with them. 

The other papers are many of tLem of exceeding interest, nnd makB tie 
work n moat interesting and Taluable one. 



DISEASE GERMS.' 

THE second edition of thia important work has appeared, and it 
n careful perusal by all who are at all interested in the svibject. It is 
firat of all, we may say, the only book of its kind in our language, and it ii 
written by a man who must unquestionably be conaidered the lirst micn^ 
scopic observer in the world ; for be is one who haa gone on steadily with 
his obearrationa for a considerable number of years, and he is the only no* 
who has worked (we use the word advisedly) with the highest microscopic 
powers, the ^; and ^'^ of nu inch. Now &om these circiunatancea alone 
considerable att<»ntion should be giren to his writinga. But when we 
further r^ard him as a professor in n rast public school of medicine, and u 
the author of an admirable manunl of mifroscopic enquiry, we find ampli 
testimony to his high character as an observer and a teacher. The mws 
which the author lays down in this volume may in some cases be incomot) 
though we do not say so; but assuredly they must be regarded as sound, 
till some one, vrith equal microscopic powers and experience, comes forwaxd 
to demonstrate the contrary. The book is, in fact, an expansion of tli« 
Radcliffe lectures which Dr. BeaJe delivered a couple of yeare aince, ai 
Oxford ; and the views it seta forth are given clearly, and while without 
that emphatiriam which so readily suggests inexperience to the critiail 
reader, they arc nevarthelesa put forward as the strong and serious cxprea- 
Moa of opinion of one who, while he ia ready to be corrected, is neverthvlcM 
hopeful of the truth of hia opinions. The tirat few pages contain a stio^i^ 
assault on some of the mora recent iuveatigatora or rather writers and lec- 
turers on the important subject of this volume. In this wc fancy the writur 
has gone out of his way to take up the oonwderation of views and opiniona 
which were not considered by the public as of more than a poariog tnteiMt 
We tlunk, nevertheless, that Dr. Beale's defence of tlio late Dr. Bodd la 
both well-timed and in good taste, which of course we cannot say for tlw 
views which he opposes. JIuipinmti appears to us a very good t«rm, and m 
think that Dr. Beale has much in bis fkvour aa he traeea iu growth. Bat 




■ " Disease Germs; their Nature and Origia" By lionel S. Beol*, , 
M.B., F.R.3., Physidan to King"* College Hospital. Second Editfon. 
Londoa : 3.&A. ChutduU, 18». ■ 
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we think that it is yet almost too early to consider as decided the question 
as to how contagiousness arises. We ouxselTes imagine that there is more 
to be said in &Tour of the fungous origin of disease^ though in certain cases 
it appears almost impossible to trace the connection between the disease 
and living contagious organisms. But unquestionably, if such are to be 
found^ they will be found by Dr. Beale and those who work under similar 
conditions ; and they have not yet been discovered in particular cases. He 
believes, so far as we can see, that diseases are caught by the introduction of 
certain matter of an organic character, but not of the fungoid or algal 
nature. And, furthermore, he believes that these organisms, which are 
exceedingly minute, have not always existed, but have been called into life 
by the possible absence of hygienic care, which is too common among all 
large populations, and that they may be eventually banished after a couple 
of generations. It is this question which the book undertakes to deal with, 
and which is treated of lengthily in 450 pages of excellent type, accom- 
panied by 28 plates, in three colours, of the principal subjects, which the 
author thinks help to illustrate the subject. Altogether the book is an 
excellent one, written in a healthy, clear, and forcible style, and containing 
plates which find their equal in no microscopical publication on this side of 
the Channel. 



HALF-HOURS ON THE SHORE.' 



THE love of natural history has now become so prevalent, at least among 
purely English readers, that we hardly meet a family at the sea-side, 
one of whose members has not some little knowledge of the wonders of the 
deep. Now, of course, this love of marine zoology is being vastly increased 
by the existence of the valuable Aquaria at the Crystal Palace and at 
Brighton. Still, however, notwithstanding the amount of admirable works 
on the subject, more especially the excellent treatises of Gosse and others, 
there was wanted a cheap form of book with good illustrations which should 
give a clear account of the ordinary creatures one meets with on the sands 
and in the rock pools. The want no longer exists, for the excellent little 
manual that now lies before us embraces all that could be desired by those 
who are entirely ignorant of the subject of sea-side zoology, while its mode 
of arrangement and woodcuts, which are carefully drawn and admirably 
coloured, combine to render it both attractive and useful. It is, as its name 
implies, divided into a number of chapters called half-hours, and which deal 
with the following subjects :— The Waves; Preparations; Sea-weeds; 
Sponges ; Sea- worms ; Corallines ; Jelly-fish ; Sea-anemones ; Sea-mats and 
Squirts ; Sea-urchins and Star-fish ; Univalve Shell-fish ; Bivalve Shell- 
fish, and lastly Crustacea. Under these separate headings are given dear 
and accurate accounts of the several groups which are abundantly figured 
in 148 cuts. Finally the book is excellentiy printed in large dear type. 



* Half-Hours at the Sea-side ; or, Recreations with Marine Objects. By 
J. R Taylor, F.G.S. London : R. Hardwicke, 1872, 
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THE .MARTYRDOM OF MAN.' 

I "R/P^ WIX WOODE READE, in hia early woik on Africa, while his rtjle 
P JXL wu Kpal«ire to oianj readers, nevertheless gave a good sccoimt of hii 
timTelB. In tbe present work he has giren us oyer fire hundred pages of 
natter, which is eimply a very shallow rendering, in one volame, of the mote 
immoral portians of the popular histories of some four or five nuiitna. The 
book, while intentionally it hoA an aim, has really none whatever. It a 
marrelloiisly coiulructed, do succeeding chapter having any relation to its 
predeceaaoT, nor anything in Uie fona of a vein of continuity running 
thiOQgh the book. Towards the end we are tT«s.led to the nutbor's views 
npoD religion, and in this portion, while we agive with him in some of his 
-news, we must any that he has not the slightest novelty to introduce, and 
that he argues in favour of his views with a poverty of logic that is mme- 
whaC utonisLing in one who writes upon such a subject at alL There is 
le good thing in the boob, and that it the style in which it is written. 
I Eridently the autbor has been at puna in the mode of expressing his ideas, 
f and has doubtle^ paused cuosiderably and erased much ere he gave his 
1 eopj to the printer. So that on the whole a feeling of unpleasanlnass 
er the writer as he imagines the pain and diSiciilty of c 
1 must admit that it is very good, the mode of exprussioD t 
throughout terse, clear, and sometimes even epigrammatic But when we 
have said this we have given ever}- particle of praise which can be beetowed 
on a book that is really without aim or object of any kind save the 
gratification of the foolii^h ambition of having written. It ^eems to us as 
though Mr. Reade wanted experience, as though he bad but n capacity of 
awong himself and his own views alone, and thus he was led to write for 
Others that which they themselves undetstandioKnitely more fullv and better 
than he does. While we agree with bim in the doctrines he holds, so &i 
as we can see, we are somewhat astonished at the logical accuracy of some oC 
his stated conduaions. " In the first place," aaj-a he, " we shall slate as an 
iiKoutroraiibie maxim in morality that a God baa no right to create men 
except for their own good." Now we should very much like to know on. 
what principle or by what da/a in the laws of momlity Mr. Reodo arrives 
at this cosclusiun. Most a&suredly we fail entirely to see ii, as indeed we 
(ail throughout bis whole a^vment to perceive any but the moat shallow 
teasoning, put forward iu terse style, and an intense amuunt of egoiinn 
tmalloyed by anything in the shape of respect for the opinions of others. 
I Nevertheless it is an amusing, well-written book, which those who agree 
with the author will be interested by reading. There is a freshness in its 
I want of genemlisfltion. and an amu^g absence of consideration for other* 
which we doubt not will prove refreshing to the mind of nn average reader. 



* The Martyrdom of Man, By Winwoode Reude. 
-d Co., 1872. 
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RICHARD TREVITHICK/ 



ASSUREDLY it must have been a labour of love on the part of the 8on| 
who has given us these two large volumes on the life of Richard 
Trevithick. If he expects to make money out of them, he must be vain 
indeed. Still we must hope that to those interested in the progress of 
mining, engines, and machinery they will have a certain value and im- 
portance. Truly the man whose life is here given must have been devoted 
to the pursuit he was engaged in, for he seems to have been during his 
whole life attached to the invention of machines for rendering mining more 
eimple and expeditious; and numerous indeed appear to have been his 
inventions. We do not perceive that he possessed any of that great 
inventive power so conmion to Watt and Stephenson. Nor do we find in 
his life any of those occasions in which, as it were, a man is led back from 
his special calling to the more general concerns of mankind. This may be, 
however, from the fact that the present writer had not the materials at his 
conmiand. Therefore the volumes, while they must have a particular 
interest for the engineer, are devoid of those incidents which render a book 
of the kind attractive to the reader of biography. It seems to us that the 
author had hardly the capacity for a biographer, and that he would have 
done better had he placed the task in other hands. Still, the book is not 
without interest to the practical engineer. 



8H0BT NOTICES. 



Anmuil Record of Science and Industry for 1871. Edited by S. F. Baird. 
New York : Harper Brothers, 1872. This is the first attempt in America to 
publish a yearly record of the progress in difierent branches of science. It 
includes every branch, and does not, so far as we have seen, give to any one 
department greater space than another. It seems to be very fairly done ; 
but we must assure the editor, that unless he covers at least three times the 
space at present occupied, he cannot expect to produce anything like a tole- 
rably faithful record. We would urge on him also the propriety of con- 
siderably shortening some of the paragraphs, and of totally excluding others. 
It seems a good work, and we hope to see the succeeding volumes, on the 
plan we suggest. 

Magnetism and the Direction of the Compass, By John Merrifield, LL.D., 
F.R.A.S. London : Longmans, 1872. This is a little manual for the use 
of students in navigation and sdence schools, and it appears to be very well 
prepared. It deals both practically and scientifically with the several ques- 
tions arising out of the deviation of the compass, and is clearly a practical 
and useful volume. 

(Other notices are pressed otU through want of space in this, the index No, 
of *' Popular Science Mevietoy) 



* Life of Richard Trevithick, with an Account of his Inventions. By 
Francis Trevithick. C.E. Wood engravings by W. J. Welch. 2 vols. 
London : E. & F. Spon, 1872. 



SCIENTIFIC SUMMARY. 



D 



ASTRONOMY. 
R. DE LA RUE'S addreaa,* to Secfioii A. ot the Bridsli Asaociatb 



le of tha features of the recent m 



eting. 



We 



e from it OSk 



lowing jmMageg : — 

The Solar Corona. — " The great problem of tlio solar origin of that portion 
of the corona which extends more than o million of miles Iwyond tlio body 
of the sun has been by the photograpbic observations of Colonel Teanut 
and Lard LJndsay in 1871 set finnJl; at rest," saja Dr. De la Rue, "after 
having been the subject of a great amouDt of discusuoo for some yearn 
The spectroscopic discovery in 18C0 of the now tamous green line, 1474 K, 
demonatrated undoubtedly the self-luminosity, and hence the solar ori^ of 
part of the corona. Those who denied the posfubility of any extenrifo 
atmosphere above the chromosphere received the observation with gtoM 
auBpicion; but in 1870 and again in 1871 it was fully verified. So ^ 
therefore, tha testimony of spectroscopic observations was in favour of Uie 
Bolar oripn of the inner coruna. Indeed the ohservationa of 1871 havB 
proved hydrogen to be also an essential constituent of the ' coronal atmo- 
sphere,' as Janasen proposes to call it — hydrogen at a lower temperature 
and density, of course, than in the chromosphere. Janasen was further *o 
fortunate as to catch glimpses of some of the dark lines of the solar apeo- 
tmm in the coronal light, an observation which ^oea far to abow that in the 
upper atmosphere of the sun there are also solid or liquid particles, lika 
smoke or cloud, which rellect the sunlight from below. Many problems, 
however, even with reference to the admittedly solar part of the corona, are 
unsettled. The first relates to the nature of the substance which prodncM 
the line 1474 E. Since it coincidas with a line in the spectrum of iii>n, !t 
U by many considered due to that metal ; but then we must suppose either 
that iron vapour is less dense than. hydroi!:ea gas, or that it is subject to 
Rome peculiar solar repulsion which maintains it at its elevation, or oth^ 
hypotheses may be suggested for eiplainiog the fact. Since the lino is ona 
of the least conspicuous in the spectrum of iron and the ahortest, and ■• 
of the others are found associated with it in the coronal EpeclTum, it 
natural, as many have done, to assume at once that it is due to aonio 




' ^T. De la Rue on "Recent Astronomical Progress." 
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new kind of matter. But the obeerrations of Angstrom^ Roecoe, and 
Cliffconi and recently those of Schuster regarding the spectrum of nitrogen, 
render it probable that elementary bodies have only one spectrum; and 
mnce in idl experimental spectra we necessarily operate only on a small 
thickness of a substance, we cannot say what new lines may be given out in 
cases where there is an immense thickness of vapour ; and hence we cannot 
conclude with certainty that because there is an unknown line in the chro- 
mosphere or corona, it implies a new substance." 

On the photographic evidence respecting the corona, Dr.De la Rue remarks, 
'' If the rays and rifts were really atmospheric, it would hardly be possible 
that they should present the same appearance at different stations along the 
line of totality ; indeed they would probably change their appearance eveiy 
moment, even at the same station. K they are cislunar, the same appear- 
ances could not be recorded at distant stations. It is universally admitted 
that proof of the invariability of these markings, and especially of their 
identity as seen at widely separated stations, would amount to a demonstra- 
tion of their extraterrestrial origin. Eye-sketches cannot be depended on ; 
the drawings made by persons standing side by side differ offcen to an extent 
that is most perplexing. Now photographs have, undoubtedly, as yet failed 
to catch many of the faint markings and delicate details ; but their testi- 
mony, as fEir as it goes, is unimpeachable. In 1870, Lord Lindsay at Santa 
Maria, Professor Winlock at Jerez, Mr. Brothers at Syracuse, obtained pic- 
tures, some of which, on account partly of the imsatisfactory state of the 
weather, could not compare with Mr. Brothers's picture obtained with an 
instrument of special construction ; * but all show one deep rift especially, 
which seemed to cut down through both the outer and inner corona clear to 
the Umb of the moon. Even to the naked eye it was one of the most con- 
spicuous features of the eclipse. Many other points of detail also come out 
identical in the Spanish and Sicilian pictures. 

<< None of the photographs of 1871, by Colonel Tennant and Lord Lind- 
say's photographic assistant, Mr. Davis, shows so great an extension of the 
corona as b seen in Mr. Brothers's photograph, taken at Syracuse in 1870 ; 
but, on the other hand, the coronal features are perfectly defined on the 
several pictures, and the number of the photographs renders the value of the 
series singularly great . . . We have in all the views the same extensive 
corona, with persistent rifts similarly situated. Moreover, there is addi- 
tional evidence indicated by the motion of the moon across the solar atmo- 
spheric appendages, proving, in a similar manner as in 1860 in reference to 
the protuberances, the solar origin of that part of the corona.'' 

The Sun's Complex Atmosphere. — Dr. De la Rue says, " On the long dis- 
puted question of the complex atmosphere below the chromosphere, in con- 
nection with the solution of the most prominent questions connected with 

* '' Mr. Brothers had, in 1870, the happy idea to employ a so-called rapid 
rectilinear photographic lens, made by DaUmeyer, of 4 inches aperture and 
30 inches focal length, mounted equatorially, and driven by clockwork ; and 
he was followed in this matter bv both Col. Tennant and Lord Lindsay in 
1871. The focal image produced, however, is far too small (^^ of an inch, 
about) ; therefore it vrill be desirable in future to prepare lenses of similar 
construction, but of longer focal length and corresponcung aperture." 
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only. It will be observed that, speaking generally, the stars which the 
•pectroecope shows to be moving from the earthy as Sirius, Betelgeux, Rigel, 
Phx^on, are situated in a part of the heavens opposite to Hercules, towards 
which the sun is advancing ; while the stars in the neighbourhood of this 
region, as Arcturus, Vega, and a Cjgni, show a motion of approach. There 
are, however, in the stars already observed, exceptions to this general state- 
ment ; and there are some other considerations, as the relative velocities of 
the stars, which appear to show that the sun's motion in space is not the 
only or even in all cases the chief cause of the observed proper motions of the 
stars. In the observed stellar motions we have to do probably with two 
other independeot motions — namely, a movement common to certain groups 
of stars and also a motion peculiar to each star. Thus the stars /3, 7, ^, i , ^ 
of the Great Bear, which have similar proper motions, have a common 
motion of recession ; while the star a of the same constellation, which has 
a proper motion in the opposite direction, is shown by the spectroscope to be 
approaching the earth. From further researches in this direction, and from 
an investigation of the motions of stars in the line of sight in conjunction 
with their proper motions at right angles to the visual direction obtained by 
the ordinary methods, we may hope to gain some definite knowledge of the 
constitution of the heavens. This discovery supports, in a somewhat strik- 
ing manner, "proceeds Dr. DelaKue, "the views which Mr. Proctor has been 
urging respecting the distribution of the stars in space.'' 



BOTANY. 

The Geographical Distribution of Composite, — Mr. G. Bentham read a 
paper on this subject at two meetings of the Linn»an Society, in con- 
tinuation of his paper on the structure of the same order of plants. The 
genera and species of this largest order of flowering plants are about 
equally distributed between the Old and New World; of the genera, 
about 410 are found in the former and 430 in the latter ; of species, about 
4,400 in the Old World and a rather larger number in the New. Not 
quite 70 species are common to the two hemispheres, and these mostly 
belong to the extreme northern regions; a few are common to New 
Zealand and Antarctic America; not more than a dozen tropical species are 
found in both the Old and New World, and some of these are coast 
plants. The form which Mr. Bentham looks on as prototypic, and 
possibly ancestral to the whole order, includes a few closely allied 
genera, distinguished by their regular corolla, belonging rather more to 
the American than the Old World distribution, being found in Chili, with 
an outlying genus in St. Helena. Other types, apparently of great 
antiquity, are found in Africa, Australia, and Western America. Since the 
separation of the Indo-Malajan and Australian regions from one another, 
there appears to have been a continuity of races of Composites across the tropics 
from south to north. The paper, which enters exhaustively into the di»- 
tribution of the various tribes and more important genera, is published in 
the " Journal of the Linniean Society.'' 

YOL. XI. — ^NO. XLY. B X 
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The Fuiinatinn cf Ozone by J'fciiMrs,— It is BUtad bj the Actidmna 
tbrtt Mmitegazza bas ftiLuid ('' BimdicoDti del Ketls Iiulituto l^mbaTdo," 
voL iii. fasc vi., abstracted in "Dei Naturfaracher," Aptil S7) that manf 
eeaenldtLl oils, like tbat of peppennint, turpentine, oil of cloves, larender, 
ber^mot, aniseed, nutmeg, tbfme, and otbera, when iu cautnct with tlw 
tacygeix of tbe atmoapbere ia presence of sunlight, deyelup very Uige J 
quantities of ozone. Tbe oxidation of these oils ia, in fact, a vei^ coo- I 
veniant souTce of ozone, as tfaej, eren in small quantities, oionise mudl ' 
oxjgen. The action ia strongest in direct sunlight, (ai \eM ao in auf- 
futied dojiight, and rery weak or at an end in tbe dotk. The dovalopnwot 
of ozone which has been begun ic the light continues for a long time in 
darkness. In the same manner act eau-de 'Cologne, hjdroiuel, and othet 
aromatic tincturea on eiposuce to the solar rajs. Experiments nbich 
Mnntegajza has made on flowers with powerful perfume, such as tbs 
narcissus, hyacioth, heliotrope, mignonette, and olhera, in clowd vemebk 
proved that they tilfo form oxone. Those with funter perfume pn>- 
ducad less ozone, those without scent none at fJI. Manlegazsa bnlierei 
that this important source of ozone is of hygienic voluo for tbe purifica- 
tion of tbe tur of marshy districts. 

Abtorptian of WnUr hy Zracet tinder certain drcamttancet. — The atste- 
ments of Duchartre and others, that leaves absorb neither water with 
which they are wetted nor vapour from surrounding air, have been fully 
coniirmed by M. Culletet so far as respects the foliage of plants es- 
tablished in the soil and supplied with moisture by tbe roots. But tb« 
revival of willing leaves when sprinkled or enclosed in a moist atmo^hMv, 
however ingeniously eiplained away, always seemed to bear testimony tu 
absorption. And JI. Cailletet'a eiperiments go to show, tnconl^'stably, 
tliat fulioge does absorb liquid water (but not wateij vapour) when supply 
by tbe root fiuls or is airested. Hi^ esperiments were made by introduc- 
ing a leafy branch into a glass vessel with a double tnbulure, filled with 
water, the increase or dimiimtion of which was accurately and delicately 
measured by a manometer, A IlTomeliaccous epiphyte, which grew under 
his care for six years, suspended by n fine wim without root, he found, 
was able to absorb and Sx more than a hundredtb part of its wngbt of 
water upon a short immersion. His note upon the subject was preMtitod 
to tbo French Academy, and ia printed in " kaa. 8ci. Nat.," voLxiv. p. £43. 
Chmge of HtthU.—lt is stated in ■' The Garden," that tho Lvrantlmt 
maeroathuM of New Zealand, parasitic there upon trees of Jtiitoetie and 
Violacea, is desf rtiug these in fnrour of trtvs introduced by th« Europau 
sBttlers, such as hawthorn, plum, peach, and especially laburnum, iriiiclt 
was introduced as lately as ISSD. Its flowers are abundantly viniad \ij 
the European honcy-bcc. 

DotAle flowers of ItonuncHluf lUimnhoiilait. — A conespondent of tbo 
"American Naturalist" has found several perfect double flowers nf tbia 
plant in Floyd County, Iowa. One of them was Iransferrt^ to a bed in 
the flower-garden, where it throve well, and increased to a clump Ax 
inches in diameter, which, the next spring, was perfectly onvelopcit witt 
the little bright yellow flowers. No seeds were produced) and duniiff 
the two or three seasons in which the plant was cared for there was ao ^ga 
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of change to angle flowers. The plant was quite attractive; and as it 
blooms very early and profusely, it would seem to have some of the 
qualities required to entitle it to a place among cultivated flowers. 



CHEMISTRY. 

Detection cf Nitrogenised Matter in the Atmosphere, — ^Mr. A. H. Smee has 
described Q^ Chemical News," July 19) a method which he has devised, 
and which he names '^ distillation by cold/' by which he believes the de- 
tection and determination of ammonia and other organic impurities existing 
in the atmosphere will be greatly facilitated. A glass funnel (usually of 
8 or 9 inches) is drawn to a point and closed. It is supported in an ordinary 
stand, and filled with ice. Condensation of the watery vapour of the at- 
mosphere then takes place ; the dew collects into drops, which trickle down 
the outside of the funnel, and at last fall from the point, under which a 
small receiver is placed to catch them. The total quantity of liquid collected 
in a given time is measured, and the quantity of ammonia determined by 
Nessler*s test. By the method of distillation by cold, the author found it 
possible to distil many substances which are decomposed at a high tempe- 
rature. Thus many delicate odours of flowers were distilled by placing the 
flowers under a beU-glass sufficiently large to cover the funnel containing 
the ice. The odours were found to be more rapidly and completely ab- 
stracted by placing a dish with a little ether under the bell-glass at the 
time of distillation. The paper was accompanied by tables giving the 
results obtained in 107 experiments, together with the atmospheric condi- 
tions prevailing at the time. The experiments were made in a garden, in 
a bed-room, in hospital wards, in the open country, &c. 

A Method of cbtaining Potassium. — Professor A. Dolbear has described 
the following mode : — Some white stick caustic potash of commerce is dis- 
solved in water and then treated with sulphuretted hydrogen in the way 
commonly described for making potassium sulphide, K,S. The solution is 
evaporated until it is solid when cool, when the yellowish mass is mixed 
with more than its bulk of iron fllings and chips, and the whole put into an 
alembic for distillation. The heat of a furnace is applied till the alembic is 
of a bright red heat, and the products of distillation are received in com- 
mon coal oil. The product is rather small, as some of the potassium vapour 
decomposes the heated vessel ; nevertheless the potassium shows itself when 
the oil is poured ofi*, and the residuum turned upon water, by its character- 
istic ignition and flame. The reaction is simple, and may be thus repre- 
sented. K,S + Fe = FeS + Kj. 

C7iemical Action during a number of Years. — In the " Comptes Rendus," 
July 8, M. Becquerel has a paper which contains the account of the results 
of some experiments which prove that, by slow but continued action, curious 
effects may be obtained ; for instance : Crystals of arragonite are formed 
upon a piece of gypsum (lance-shaped variety) kept in a closed vessel in a 
solution of bicarbonate of potassa ; the gypsum has almost entirely dis- 
appeazedy having become converted into arragonite. A similar piece of 

B B 2 



• 420 POPBLAB SCnSCCB MT1BW. 



Djpguin, placed in a solution of ftTseaist? of ammoDia, has been c 
into aisenUle of Ume. With a solution of aluminate of potasn i 
pjpsum, the reeuh is the formation of gUuheiit« (double eolpbate of IJat 
and potas^B, the latter substituted for tho soda in the mineral juat Damtd), 
Pieces of galena, kept for twenty years in a solution of bitarbonate of po- 
tasaa, have yielded well-defined ciyBtallised carbonate of lead. When pieces 
of limestone were immen<ed into a solution of ptombilc of potassa (solutiaii 
of oxide of lead in CRuatic pola^sa), the result was the fonnaticm of 
beautifully-crystallised hydrated catbonalfl of lead; malscbite ha* been 
obtained by the action of tluiestone upon nitrate of copper, converting Ji 
into submtratc, which, in ita turn, is converted into malnchite bj biou- 
bonate of soda. 

The Teaching of Srmaitary ChtmMry. — At the meeting i>f ili« British 
Association (Brighton), Dr. Wood read a paper on this subject The nun 
and substance of hia communioatiou was that, in his experience, it was im- 
poBsible to teach practical chemistry successfully in towns or places when 
there were no regiilar laboratorieej and he etronply advocated the public 
appointment of such laboratories, where boys could be «eDt to ^ain Ibe 
necessary knowleJge. Ilia opinion was that the recognised public examina- 
tions in chemistry were too difficult, that the siondard waa too bigh (ta 
young boys. Dr. Wood also proposed tbftt the aeveral great exutiining 
boards shall agree to use a common standard for elementary cxaminatiau, 
and should rigidly adhere to the con.'jMictUB. A very full discusson took 
place, in which some valuable auggeations were made by Profeaaois Wil- 
liarason, Lemoine, Burrett, and others engaged in the public te«dung of 
chemistry. The preaident, in summing up the discusaion. alluded to the 
great importance of teaching chemistry to every educated individual, and 
furthermore called the attention of the Section to the opening addreu of 
Dr. B. Sanderson in Section D, who had given a very high opinion of 
the necessity of chemical knowledge to everyone, irreapective of tbw 
calling. 

A Hem VtgOabh Ink.— In " Les Mondes," July 4, the editor state), that 
experiments ore being made to acclimatise in Europe the Curiaria t/i^mi/oUg, 
or ink-phint of New Grenada. The juice of this plant, locally termed 
lAaneki, is at first of a eoniewbat reddish colour, but becomes intensely black 
in afewhoura. This juice can he used for writing without requiring any 
further preparations; it corrodea steel pens less than ordinary ink, and hsa, 
inoreoTer. the advuntnge of better resisting chemical agents. When the 
portion of America named sboie was under Spanish dominion, all public 
documents were written with chanchi, which was uot removed from paper 
by sea-water. 

On Mfteurir Iron.— At the British Association, I'mf. Mallett. U.S..\., ex- 
hibited three specimens of iron from Augusta, eo. Vii^nis. One had been 
cot from the original mass by a planing machine, and wiihoat further pre- 
pnmtion had been forced into a tolerably perfect blade for a pnper-knife ; 
imother had been heated to redness in a racuoua porcelain tube (for the 
purpose of examining the occluded gnaes), and hnd then been with great 
L,difficulty forged into b blade of similar kind, in which cracks and flaws 
visible. The third had been heated in like mamier in vacuo, but to a 
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white heat, and Ihis specimen could not be forged at aU. The conceivable 
causes of this difference were briefly discussed, such as the more or less 
complete removal of the occluded gases, changed state of combination of 
the phosphorus and sulphur, and melting out of phosphide of iron, leaving 
the metal porous. 

The Decomposition of Water. — A paper was read at the British Associa- 
tion, ^' On the Mutual Helpfulness of Chemical Affinity, Heat and Electricity, 
in producing the Decomposition of Water," by Dr. Gladstone and Mr. A. 
Tribe. Some metals are able of themselves to displace the hydrogen of 
pure water, while other metals are unable. Zinc, if perfectly pure, is in- 
capable of doing so ; but if it be brought into contact with another metal 
still further removed from the power of efiecting the decomposition of 
water, the electric force started by contact of the metals enhances the 
chemical affinity sufficiently to make it efiective — or, otherwise expressed, 
the electrical tension, plm the chemical tension, upsets the state of equili- 
brium between the oxygen and the hydrogen. The amount of action may 
be measured by a Thompson's galvanometer. The effect of varying the 
distance of two plates of zinc and copper was tried, and it was found that 
the chemical action increased slowly till the plates are within an inch or so 
of each other, but on continuing to bring them together the action increases 
at a rapidly accelerating ratio. Heat assists the action considerably. Mag- 
nesium is capable by itself of decomposing water> but its action is greatly 
Increased by touching it with a piece of copper, and some of the hydrogen 
gas makes its appearance on the copper. If, instead of magnesium, a metal 
less capable than zinc of decomposing water be used, there is still found a 
deflection of the galvanometer, if it be united with a metal still more negar 
tive. The order for pure water seems to be — platinum, silver, copper, iron, 
tin, lead, zinc, magnesium. 

The Quality of the Metropolitan Gas. — Dr. Letheby, the chief Gas Ex- 
aminer appointed by the Board of Trade, has recently reported to the 
Corporation of the City, and to the Metropolitan Board of Works, on the 
quality of the gas supplied to the metropolis by the Chartered, the Imperial, 
and the South Metropolitan Gas Companies, during the last three months ; 
from which it appears that the illuminating power has never been less than 
that required by the Act of Parliament. The common gas of the Chartered 
Company has ranged from an average power of 10*80 standard sperm candles 
at the Millbank testing-place, to 17*85 candles at the testing-place at Mile 
End. The Imperial Company's gas has ranged from 15*72 candles at Cam- 
den Street, to 16*85 at Oakley Square, Chelsea ; and the gas of the South 
Metropolitan Company has averaged 15*78 candles. The cannel gas of the 
Chartered Company has had an average illuminating power of 25*74 candles 
At Millbank Street, and 26*06 candles at Arundel Street in the Haymarket. 
With respect to purity. Dr. Letheby reports that the gas at each of the 
testing-places has been constantly free from sulphuretted hydrogen, but that 
the fluctuation in the amounts of sulphur have been considerable, as from a 
minimum of 2*2 grains per 100 cubic feet of gas at Mile End, to a maximum 
of over 40 grains at Beckton, at Cannon Street, at Arundel Street, and at 
Hill Street, Peckham ; the average proportions at the different testing- 
places having been as follows : — ^The common gas of the Chartered Company 
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at Beckton, 2808 grains per 100 cubic feet ; at Cfmnon Street 25*r7. grsine; 
Bt Friendly place, Mile End, 871 gmna ; at Arundel Street, HayinukK, 
IR'89 graina; and at Millbank Street, WeEtminster, 26'fl6 grains; ■white 
tkat of tbe Imperial Company has been 83-08 grains at Oakley Squart, 
Cbeleca; 28'18 grains at Camden Street, Camden Town; and 25-71 gnim 
at Grnhani Street, Dalnton. The average amount of aulpLur in the South 
Uetfopolitan gas was 36-05 grains per 100 cubic feet. It ia a noticeable 
fcct that the quantity of sulpliur in tbe gas of tbe Chartered Company xt 
Friendly Place has only once contained as much as 'X grains per 100 ^t ; 
and that during the last month the gas at Becktau, at Cannon Street, at 
Friendly Place, and at Arundel Street, has never contained 30 grains pa 
100 feet; the average for the raooth haring been from 4'03 grains at 
Friendly Place to ]3'G4 grains at Becfcton, Dr. Letheby regards this u 
highly sfttififactory. The proportion of ammonia in the gas has not at anj 
time or place erceeded the quantity (2-5 grains per 100 cubic feet) fta~ 
Bcribed by the referees ; the average amount being from nil to 1-28 -a ' 
per 100 feet.— TAc Chfiiiical Newt. Jidy 19. 
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The ralitontogrnphkat Society rolmm for 1871, which baa only 1 
few months issued, contains the folloiring important monographs r — 1, "tte 
Ro» of the Carboniferous Strata." Part III. By E. W. Binney, P.R.S., 
F.O.S. Pp. 63-06. PI. xiii.-i:yiii. 2. " The Foaail Merostomata." Part 
m. By Henry Woodward, F.G.S., &c. Pp. 71-120. PL ivi.-sx. 
3. "Supplement to the Crag MoUnsca." Pact I. By Searles V. Woed, 
P.G.S. Pp. N90. PI. i.-vii. Together with an " Introductory Outline of 
the Geology of the sameDistrict," with B Map, by S. V.Wood, jun., V.QS., 
and F. W. Ilarmer, F.G.S., pp. i.-mL 4. " Supplement to tlie ReptiUa 
of the Wealden." Part IV. By Prof. Owen, F.R.S. Pp. 1-15. 
I'l. i.-iii. 5. ■' The Pleistocene Mammalia." Part IV. By W. Boyd- 
Dawkina, M.A, F.K.S., &c., and W. Ayshford Sanfonf, F.G.S. l-p. 177- 
IBi PL ixiv. and ut. C. "Tbe Pleistocene Mammalia." Part V. 
By W. Boyd-Dawkins. M.A, F.0.&, &c. Pp, 1-30. PL L-v. 

Gtoloffi/ at Af ISritiA Atsodalion. — The Geological Section began ila si^ 
tings with the Siith Report on Fo3silCruBtacea,byMr.n. Woodward. F.G.S, 
in which farloiis &ewlj--^iscovered species &am the Silurian, caibonifenMU, 
tertiary, and other rocks were minutely described. The next papi'r was of 
great importance, by the Rev. J. Gunn, on the Profipect of Huiliog Pn>- 
ductive Coal Measures in Norfolk and Sufiolk, with suggestions as to the 
places best adapted' for experimental borings. The nest paper was on ifae 
Genera Trimerella, Dinobolus, and Monomeralla, by Thos. Davidson, F.R.S., 
and Profeggor Kiul'. Mr. .lohn Gnon read a paper on the posMbility of 
finding Coal in Xorfolk and Suffolk, with suggestions for an experimental 
boring. HnnstnnUin was recommended as the most likely spot where coal 
would be soooeat reacheii. Priife^or Hull tbought that if there were ■ 
placos where the chauuea of finding coal were nU, it v 
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counties. In this opinion Professor Phillips coincided, lilr. Godwin 
Austen, F.B.S.; protested against discouraging a boring, and thought there 
might be a continuity over Norfolk of the great central coal-fields. He 
concluded a long address by expressing his opinion that eventually a con- 
siderable coal area would be worked beneath the secondary strata. A paper 
by Professor Rath was next read on a remarkable block of lava ejected by 
Vesuvius during the great eruption of April 1872, proving the formation of 
silicates by sublimation, Mr. Gwyn-Jeffreys, F.R.S., followed with some 
remarks on submarine explorations. Afterwards, Dr. Adams read a report 
on the Fossil Elephants of Malta ; and Professor Boyd-Dawkins, F.R.S., a 
very interesting communication on the Physical Geography of the Me- 
diterranean during the Pleistocene age. Mr. Charles Moore also read a 
valuable paper on the Presence of Naked Echinodermata in Oolitic and 
Liassic Beds ; after which Mr. J. E. Lee noticed some veins or fissures in 
the Keuper-fiUed Rhsetic Bone Bed at Goldcliff", in Monmouthshire. Dr. 
Sim's paper on Quartz Nodules in the Crystalline Schists of Perthshire 
was next in order. There were many others of importance read, but our 
space does not admit of giving them all. 

Professor Nonlenskiold s Expedition to Greenland, — Professor Norden- 
ski'old himself gives an admirable description of his excursion in the 
" Geological Magazine " for August, and in the preceding and following 
numbers. The paper is too long for abstract, but should be read by all 
who are interested in the subject. 

Our London Coal-Jields as they may be almost termed, were again the 
subject of consideration at one of the excursions of the British Association. 
At the excursion to Battle Abbey, Mr. Prestwich, F.R.S., gave a most 
interesting address on the more theoretical subject. He showed that long 
before the formation of any member of the secondary formations, there had 
extended over North Europe an immense land surface, broken up, like that 
before them, into hills and dales. This area, on which the vegetation of 
the coal period grew, extended certainly from South Wales to Belgium. 
It was eventually submerged, and covered over vdth the later secondary strata. 
It was ori^nally thought that the latter extended from Bath into France, 
and that it would be useless to bore through them for coal. But subse- 
quent researches found that these rocks thinned out in the direction of 
London. They had to eliminate some of the members, so that this 
circumstance, and their general thinning out, caused geologists to expect 
that the primary rocks would be found at no great depth. This proved 
true, for under London the tertiary and chalk strata had been found at 
Kentish Town resting on the old red sandstone. In Herefordshire, again, 
the chalk reposed on beds of the same age. At Harwich, in a well- 
boring, the lower carboniferous rocks were reached, and at Calais, across 
the sea, the chalk was found lying on the mountain limestone. Thus, 
positive evidence of the extension of these ancient Palaeozoic or primary 
rocks had been afforded. At Calais, they reached at a depth of 1,300 feet, 
at Harwich 1,100 feet, and at Kentish Town about the same depth. This 
furnished the hope that the primary rocks would be found elsewhere imder 
the chalk at a similar depth. The question was, where to go and look for 
them P All their efforts were only tentative, and many experiments like 



that befote tbem would have Ui lie ctnied gut bL'fore tbey faiuid oat th«ir 
iray. But ^very step takeu wna ao much ground gained. Mr. I'restwid 
then showed liow the nnrient carboQiferouB fomiBtion had been djatuibitd, 
and compared all tboae that laj in a certain direction. Thu9, in Belgium, it 
the foot oF the Ardennes, there was a patch of coal-niea«ur«B furiy or Gftj 
miles long, and tunning in an uaat and west direclioD. In Soroereetshiic 
the raniie of hills had the same direction aa those of the .4.rdennea. Tie 
coal ba^in nt the latter place had the same strlka as those of Briatol aai 
South Wales. The elevation of these took place before the formation of the 
new red 9andt>toue. The present surface elefntiou was no guide nbateverta 
the disposition of the ancient rocU. In Belgium the coal dipped beneath the 
challi, and the question was what became of it? If the strike alwan 
followed the aanie line there would be no difficulty in answering this, but 
it did not follow a atraigbt line, but was curved, aa in the Ardennea UilU 
Mr. Godwin Austen thought that the Ardennea chain passed uademeath 
where tUey stood, but Mr, Prestwich slightly difiered from this, and 
thought the strike aud range of the coal-measures in the South "Wales coal- 
field and that of Belgium eilended farther north. This was not an experi- 
ment to find conl, as had been asserted, but simply a scientific eiperiment 
1(1 determine the position of the primary rocba. With other ainiilnr borings 
it might be posfible to discern the actual range of the older rocks, and find 
out whether coal waa to be foi:nd in Herefordshire or Kent. 'U'here this 
boring was going on, they nii<>ht meet with the mountain limestone, bnt 
he did not think the actual coal-measures would be found. If they came 
on the ajlurian rocks, they must go farth<T north to search for coal, so that 
it greatly depended on ivliat ther came to underneath them as to whether 
they shoiJd e 
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7^ CompiMiiin of the Slowl, — .\ short communication on this point waa 
made by Mr. E. A Schafer to the British Association, detailing a variety at 
experiments, from which the following conclusions were drawn : — That 
fmg's blood, especially if taken during the winter months, ecbibite but very 
Utile tendency to coagulate, with the exception of the portion in immediate 
contact with a foreign surface ; that when apparently coagulated tbroiighoul. 
ihe central portions are very apt to remain fluid, and to impart coagulability 
ti.1 the expressed serum ; that the clot, when formed, frequently tends to 
aiiaJQ a relatively very small bulk ; and, finally, that this diminution in 
bulk is due to contraction merely— not relique faction of the libiine. 

Jtylhmieal Variation of AHtrial Frevmrc — Professor Burdon Sandetaon 

nad a paper on this subject at the same meeting as above meotioned. He 

painted out the rythmical irregularities observable in the pulsation of eer- 

n aninmU, slating that the periods of fast beating correspond to inspiia- 

I, and that the periods nf slow beating correspond (o expiration : and 

L cxplaininif how this b recorded by a (rraphic method. Uiscuasing tba 

L^iiMtion of the relation of tbeso pheoomena. he showed that, when the 

HRioaclM are subjected to p-ttalyi^is, so that r&<piration almost cea.'M-.i, there ia 
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no Tftriation in pulsation ; whence he concluded that the phenomena in 
question are not related as cause and effect, but are results of the same 
cause. 

Lobes of the Liver in different Animals, — Professor Flower, F.R.S., re- 
cently alluded to the great diversities in the arrangement of the lobes of 
the liver in different animals, which he illustrated by numerous diagrams. 
He suggested that, in studying these arrangements, the principal thing is to 
look carefully to the great blood-vessels around which the hepatic substance 
is grouped, taking the umbilical vein as the central starting-point Nume- 
rous details were given, and suggestions were made, with a view to systema- 
tise the arrangement of the lobes in various animals so that the parts may 
be more accurately described by anatomists than they have hitherto been. 
In the course of the discussion on the paper, it was stated by Professor 
Struthers that the liver in the human subject is very unequally divided, the 
right lobe being much larger than the left, and he suggested that this might 
have some relation to the strength of the right hand as compared with the 
left. It was also stated that the old system of tight-lacing often intro- 
duced changes of form in the liver, and sometimes an additional fissure was 
in this way produced. — Brighton Meeting of the British Association. 

Cutaneotis Absorption. — M. Bernard has recently described very fully to 
the French Academy his observations on the above subject. They are also 
fully translated in the " Chemical News," July 12. He used a bath appa- 
ratus in his experiments, which consisted of a furnace, a boiler, a chamber 
in which the steam coming from the boiler was charged with the substance 
to be applied, and a wooden cage, in which the patient was seated while 
enveloped in the vapour. He used iodide of potassium in his experiments 
— (1) because it is not volatile ; (2) because its presence in urine is easily 
determined by nitric acid and chloroform ; (3) because, in seizing the iodine 
set at liberty by the nitric acid, the chloroform takes a rose colour varying 
in a marked way with quantity ; and thus, by comparing with a graduated 
scale, one may determine pretty accurately, and without quantitative analysis, 
the quantity of iodide of potassium in the urine. The skin of the subjects 
experimented on was intact, without wound or scratch. The urine was 
examined before the bath was taken, and the absence of iodine ascertained. 
By a respiratory tube, the patient breathed the external air through his 
mouth, the nostrils being pinched. A thick sheet of caoutchouc was bound 
by a T- bandage over the anus ) the penis was sheathed in the same mate- 
rial ; while the hands and feet were wrapped in cotton and gummed taffeta. 
The subject was then placed in the cage, and subjected for thirty minutes 
to vapour from the mixing chamber, into which there had been put 20 grms. 
of iodide of potassium. The temperatiure in the cage was gradually raised 
to 4o° ; the skin of the subject became wet. He was then wrapped in a 
woollen covering and put in bed, when profuse perspiration took place. 
The urine analysed two hours after the bath gave a rose colour ; some taken 
three hours after gave a much more lively colour: thus affording clear 
proof of the absorption of iodide of potassium through the skin, the only 
way it could have entered the system. Besides, if it had entered by pul- 
monary passages, it would have been eliminated immediately after the 
bath. 
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f'ital Sturmiaiti and £leetrieilif. — This inl^cct was part of UmI ot ft pifcr 
by Dr. C. D. Ifadi^Uffe, Ksd befun the Biituh AKodation. The^p«pe( w« 

entilli'd, " Whether the Cauies of \ltal Movement are jet clearly Apjm- 
ciKted.'' The pitper cocanienced irith s rtMont of the opinions of anciail ud 
modem writen on the Buhject of vital moveuieiiL He ridiculed the cumnl 
docliioe which, he said, aasumea tbntiiCal moTemeDta are distinct from 
those tnanifested in inert matter, aod 'which ckd at beet be only tegiiTded ti 
a bMty deduction from superficial ohierratioiis. The highest asiuiatiiHit 
of philnaophy, he contended, are in direct contradictioB to this nMUmptioD: 
and the doctrine of the correlation of phy^«il and Tilal foive* iniplieB a 
grand central isatioD, hy which what have been re^'Bided as sepnrntA {oten 
are nifide to appear as Tarious aspects of some central forc«. i)r. IiA(tcUff« 
then referred to tome tnvesligntions which he had recently made with Sir 
William Thompson'i electrometer, and which had tended to cniitirTU th? 
views of Oalvani. He raentioDed, by way of illustration, a sinji^ular ex- 
periment that he bad made with a strip of india-rubber, coated on the twc 
BUifaces with metal, which was elongatM by the attraction of two opposite 
charts ; the discharge causing the indin-nibber to contract to ita origiaal 
length. 



MICROSCOPY. 

A Taluable Table of Ob/eclive» has been published in the " Monthfy W- 
CTOBCopieal Journal " (August). Thia Table, by Dr. R. II. Ward, is damped 
to be complete in regard to American lenses, and to present for comparison. 
and for the convenience of those who desire a variety of lenses by diStn«nt 
makers, snch Buropeiin items as could be obtabed at the time of writing. 
It is believed that tlic Table will be interesting to others than buyers, 
as showing the prevailing powers, prices, angular apertures, &c, ia 
different parts of the world. Notwithstanding the general impression, that 
the prices of American objectives are unreasonably high, it wilt be aera 
that they compare farourably with those of the most eelebmted I^gli*b 
makers. Most opticians prepare, very cheaply, mounted objectives of small 
angle, nnd usually second quality, which answer a good purpoeu wh«re 
economy is imperative and difficult work is not required. Such lenses^uo 
not usually priced and sold separately by the American makers, nnd are 
therefore not included in their columns in the "Table of Olijectivra." 
They can be obtained, however, at prices proportioned to their Ton jrl** wl 
quality. The pricos and angular apertures given in the Table arc 
generally, though not in every case, official and up to date; but a reaaoD- 
able allowance must be made for practical variation from the standard 
angles and powers. There ia understood to be a screw-collar adjustment 
for all objwc lives of over 50° angular aperture, unlew otberwiao atatod; 
though, from wont of suRiciently distinct description by thur makers, this 
rule cannot be applied to some of the English lenses of medium power and 
small angle, To persons witliout great aiperience in microscopy, Ib» b*sl 
" t*st ■' of an objective Is the respectability of its maker. 

The iSlur!/t<m'f Dr-'elopmnU.—ThB Aa-limrtiUatioit Siiciety of Paris lately 
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published in its Bulletin an account of the sturgeon's reproduction (sturgeon 
of the Volga), by Professor Owsjannikow. It seems that the sterlet 
{Acipenser ruthenw), the smallest of the Russian sturgeons, spawns in the 
Volga early in May on rocky bottoms, the temperature of the water being 
at 10° R. (-54|® R). The eggs are readily fecundated by the artificial 
method. After they have been in the water a few minutes they adhere to 
any object which they touch. The development of the embryo can be 
observed in progress at the end of cne hour. On the seventh day they 
hatch. At first the young fish are O^-OOT (about {^ inch) long. At the 
age of ten weeks they are nearly two inches long. They feed on the larvoa 
of insects, taking them from the bottom. Both in the e^^ and when 
newly hatched, the sterlet has been taken a five days* journey from the 
Volga to Western Russia, and in 1870 a lot of the eggs was carried to 
England to stock the River Leith. This species passes its whole life in 
fresh water. The other species inhabiting the Baltic, AUdpenset' sturio, 
A. IfusOf A, stellattiSy and^. GiUdenstddtiif are anadromous. These species 
hybridise, and freely, and from this circumstance some Russian savants have 
pronounced them only varieties instead of species. 

How sjiould Objectives be Named. — Dr. Ward says that the following are 
some of the more important queries which still remain open. Should the 
standard 1-inch objective be characterised by magnifying ten diameters as 
used in the compound microscope, or should it be compared to a simple 
lens of actually measured focus or foci? Should the objective be named 
by its equivalent focal length, or by its amplifying power, or both P Should 
our standard distance of measurement be changed from 10 inches (254 milli- 
metres) to 9| inches (250 millimetres) P From what point in the objec- 
tive shall the distance to the scale be measured P At what point of screw- 
collar adjustment shall the objective be placed for rating its angular 
aperture and amplifying power P Should the name ocular be substituted 
for " eye-piece " in general use P — Monthly Microscopical Journal (July). 

Various Microscopical Papers. — The following are some of the papers 
published in the "Monthly Microscopical Journal" for the past three 
months, July, August, September: — "Micro-Pantograph." By Isaac 
Roberts, F.G.S. " On Bog Mosses." By R. Braithwaite, M.D., F.L.S. 
'^ Remarks on the Homological Position of the Members constituting the 
Thecated Section of the Class Rotatoria." By Charles Cubitt, F.R.M.S. 
" Further Remarks on Tolles' |th, and Powell and Lealand's Immersion 
j\th." By Edwin Bicknell, Cambridge, Mass. "On Uniformity of Nomencla- 
ture in regard to Microscopical Objectives and Oculars." By. R. II. Ward, 
M.D. " Notes on some Microscopic Organisms." By Prof. A. M. Edwards, 
U.S.A. "Notes on Victoria MoUusca and their Palates." By Charles 
M. Maplestone. "The Nerves of Capillary Vessels and their probable 
Action in Health and Disease." By Dr. Lionel S. Beale, F.R.S., Fellow of 
the Royal College of Physicians, Physician to King's College Hospital. 
" Remarks on the Nomenclature of Achromatic Objectives for the Compound 
Microscope." By Dr. J. J. Woodward, U.S. Army. " Our Present 
Medical and Students' Microscopes." By R. H. Ward, M.D. "On 
Euchlanis Triquetra and E. DilatAta." By C. Hudson, LL.D. "On 
some Methods for Preparing the Tissues of the Frog Tadpole's Tail." 
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On the Emploympjit of Coloured Glass in Microscopj." By M. 
Uoucbet. *' Note on SilidnuH Incrusttitiong from the Geysera of the Tellow- 
atone Hiver, Wyoming Territory." By Prof. Arthur Mend Edwudi, 
■r,S,A. "On Angnlw Aperture of ImmerMon ObjeetJTea." By Robert R 
Tollee, Bofcton, U.S.A. "The Minute Anatomy of Two Ctan of Cbdcm.' 
By A«8iBt.-Snrgeoa J. J. Woodward. '' The Theories of Cell Develop- 
nent." By T. N. Dsnfortli, SI.D., Fntbologist of St. Luke's Ilospiial, 
Chicas!0, U.S..\. "Dmw-Tubea icr«« Deep Eye-Pieces." By U. A. 
Frazmovski. "^^^h 



MISERALOGY, METALLURGY, AKD 3I1SISQ. 

Thr DiaoliU frcm Bergen H'dl. K. /..hosbeen described by Mr. E.S. DlLOi 
in " SiUimnii'fl American Joumnl" for July. The Bergen Ilitl timnel i« 
famoua for the ftbuntl&nee, benuty, and rariety of the wiuemla irbich it 
brought to light. Datnlite, pectolite, cakite, analcite, npophyllile, nMrntiig, 
Btilbite, and others were obtiuoed there during ila exc&vation in a degne of 
perfection rarely equalled by the productions of luiy other locality. Th« 
crystflllisationa of dntolite are especially remarkable; Bome of the Eurbcei 
GOTsrod with the brillinnt cryatala being eighteen to twenty-four inches in 
length. The crystaU are in general not over a third of lui inch acroM, 
though they sometimes hnre a diameter of one inch. Those of n single 
Specimen have always entire uniformity of h:ibit. The datolite ia tuwciiled 
on diSerent fpecimuns with moat of the other species found At the sa&ie 
locality, but it wbh not found possible to obtain any facta vbicb would throw 
light upon the iniluence of the a»aociaIed minerals on the crystallina form. 
Among the varied forma, four dilferent typea may be dlEtioguisbed. 

Ferro-Timgstine. A iieia Mineral. — Mr. Hugo Taram describe* In the 
'' Chemical Xewa," a mineral, of irhich he had procured a very small sped- 
men, but had not been able to find out the place where it was originally 
discoTered. He gives the following results of his analysis of it. Ferro* 
tungstine is a dark steel- coloured, heavy, cryetaliine powder, fonued of 
sepomte and dietinct crystals, presenting' exactly the appearance of cryst&lli^ 
nUcium. Its specific g»vi^r, which is conaiderabie, ia 12-5. It ia a very 
hard substance, which can only be porpbyriaed with extreme difficulty, and 
it is almost impossible to reduce it tn an amorphous powder ; the powJei 
obtained nftet a prolonged porpbyrisation remaining still bright, like the 
powder of a crvatalline metal or alloy, and cryatalline. 

Heated in the air at a low red heat, ferro-tungstine (lowly oxiJtBei^ aad, 
ia converted into a yellow powder of tungstic acid ; and when it is 
in fused nitre, it bums with brilliancy and ia thoroughly attacked. 
Ferro-tungstine ia composed of — 

MeUllic tungsten BBOi 

Metallic iron C'DftJ 

Metallic mangsnese O'lSf 

Undetermined aubstaace Q'SOl 
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PHYSICS. 

spheroidal State of Water, and Boiler Explotions, — ^Mr. W. F. Barrett, 
F.C.S., read a paper on the above subject at the meetiDg of the British 
Association at Brighton. He said : — On one occasion, some six years ago, I 
wanted to cool a red hot copper ball. For this purpose I plunged it into 
some water in which I had just washed my hands. The hot ball went in 
without any hissing or visible evolution of steam, and on removing it from 
the water it appeared as hot as before, in fact it remained brightly incan- 
descent, somewhat below the surface of the water. I was astonished to see 
this, as I did not know that the spheroidal state of water could be so readily 
produced and maintained by a body at this temperature. So I tried other 
red-hot bodies in the same water, and with the same result I then threw 
away the soapy water and used plain water; the result was now quite 
different, the hissing was loud, and the evolution of steam copious. Hence 
the soapiness of the water was concerned in the phenomenon. Adding a 
little soap to the water immediately reproduced the result first noticed. 
Other bodies that dissolved in water were also tried, and the results are 
briefly these : — Albumen, glycerine, and organic liquids generally facilitate 
the acquisition of the spherical state, probably by increasing the cohesion of 
the water, whilst of course bodies such as ammonia, which readily yield 
vapour, have the same eflect but not so marked. Oil shaken up or even 
placed on the surface of the water has the same effect as the soap. The 
best method of exhibiting the experiment is to pour a little of Plateau's 
soap solution into a large beaker of water, and then, by means of a hooked 
wire, lower into the liquid a white-hot metal ball, some 2 lbs. weight, and 
of copper is best. The ball smoothly enters the water, and glows white-hot 
at a depth of a foot or more below the surface. Notwithstanding the con- 
siderable hydrostatic pressure it is seen to be surrounded by a shell of vapour, 
perhaps hidf-an-inch thick. This vapour shell is bounded by an envelope 
that resembles burnished silver, and has a most striking appearance. In 
fact the hot ball blows a soap bubble of steam, from the limiting surface of 
which the light is totally reflected. As the ball cools (mainly by radiation) 
the shell of vapour is seen to grow thinner, and finally collapse altogether, 
when immediately there follows a loud report, volumes of steam are pro- 
duced, and often the glass is broken. I have heard that traces of oil often 
get into the boilers of steam engines, and there can be no doubt that dis- 
solved organic matter often finds its way in. If in any way we increase 
the intensity of the water, we render it possible for a corroded boiler to give 
way under the pressure of the steam suddenly generated in the way I have 
indicated. 

The Use of Steel Wire for Deep Sea Sotmdinffs, — Sir W. Thomson, 
F.R.S., read a paper on the above at the British Association in Brighton, in 
which he showed that the great difliculty of deep sea soundings consisted in 
the resistance of the water to the material used for letting down and raising 
the weight, and that the only way in which that difliculty had ever been 
overcome in very deep soundings had been by employing extremely heavy 
weights. When the depth of three hundred fathoms was passed, the ordi- 
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Dai7 lead line cemed to bo avfttUhle, or at all erenti conTentent ; snd nntS 
vprv leeeatl/ ihe dillicult; af calliog up B long line and heaij weixlit fimii 
c(m«iilenbl« duptlis Traa to gn^at that it lud become the praclloe to lean 
tii« w^bt behind, ramplj bringiiLg op the Bp«oimai of the bottom. Tha 
Adauraltv had made great improT«caeiits in deep ee« autwdiogt, but eieo 
itith the rope nan UMd its TedBtance to the water when drawn np by hand 
at cownderable speud was eo dangeroui ta tc neccsatate the vsti at steam 
power. Wb«i there wu great retnstance ta the line, and the cuiRiUa 
carried it away to a distance, it waa difficult to know when the battoin ww 
nsBched. HoweTcr, he believed that with eo great a weight ae 3 cwt. the 
botlAin might practically be perceiTed within a few jatboms, and, altltoiigh 
it roust be difficult to atop the line all of a aadden, he did not think llui 
crmr in the lounding; ceuld be eouaidered to be eerioua. To manj it had 
oecurrtrd thnt wire rope would be ■ great adTanlage, inaamuch aa it would 
uccnpr much lets apace and, therefore, create leaa Tesiatance to the water. 
The objections which had been raised to wire were, that it was liable to rut, 
that the men could not handle it na it would kink, and it would go down ia 
n heap over the weight; but he believed all thoae difficultii-a might In 
overcome by proper care. It had been conaidered necessary to bare a greait 
dnal of mechoniim, but all that he deemed to be eMentia] waa a wfaed 
which operated like a break, and around which the wire afauuld be twined; 
the wire used being No. 22 gauge, of the quality known oa th» bomo- 
ppncoua Fteel wire, which could be manufactured in great length*, waa 
■03-iucb in diameter, weighed 1:2 Iba. per statute mile, and broke with a 
weight of 352 lb«. To Uie end of tlie wire waa attached a piece of bemp cotd, 
which carried the weight, and by that means the wire was prtiventM foun 
toucliing the bottom at all. He had made an experiment in mid>occan, at a 
depth of 2,700 fms., experiments with the apparatub and materials bo hail 
indicated ; and, it hai ing been attended with the most perfect buccvm, he waa 
Mtnguine that, if wire were allowed to take the place of card in deap mk 
cioundinge, it would be far raare economical, and so the calculations them- 
selves would be mora accurate. 

Aerial Htniffalim.— This formed the subject of a paper read at the 
llritiah Aasociation in Brighton by Mr. C. A. Dowdier, in which ha 
expressed the opinion that the autumn mantcuvres would be an excellent 
u)iportunitj of trying experiments, and that aerostation would become an 
important clemeDt in military scteDcc, Ilitherta, captii-e bollooDS only had 
been used, but it was by no means impcobablu that citcumsUuices would 
occur where it would bo most desirable to puss oror the enemy's ponlion, 
and it would then bo important to have the pciwor of severing or deflsotiiig 
the halloon from the wind-course, either to right or luft as re^uir«d. C*^ 
tii'o balloons could not be used in safety in high winds on account of 
violent rocking of the oar. Tho writer then proceeded to review the 
element* of niiruatation, and to show that aiirial navigation was practical tu 
a ctirtain limit by wniple meehanicfU means. Of the practicability of applj- 
•teoin power he bad no hopo, the wei^^hl of a elciun i-ngiuu modx na tight aa 
pCMblo, I'anaistiuit with due streiigtb, being much Ion great fur any gtt 
balloon lu (lupport. Tlie power he proposed woa manual, being, be bolivrod, 
the only power applicable to gas baUoons. But propulnoD baring baaa 
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secured, the question arose how the power of direction could be acquired, 
that being of the utmost importance in actual warfare. That was ac- 
complished by rotating the balloon to any required position, and then, 
holding it from [further motion, the rotation was completely under the 
control of the aeronaut A rudder was the instrument to be used for that 
purpose, a vertical disc fixed in a line with the axis of the propeller. By 
turning the plane of the disc the current of air forced from the fan on the 
rudder caused the whole machine to rotate right or left precisely as the 
rudder of a ship guided the yessel. 

jRepori on RainfaJL — At the meeting of the British Association in 
Brighton, Mr. G. J. Symons, Secretary of the Eainfall Committee, produced 
the Report of that committee, which was as follows : — '' Your committee 
have the honour of reporting that every branch of rainfall work continues in 
efficient working order, and that, notwitiistanding the very limited funds at 
our disposal, and the long illness of our secretary during the winter, 
all arrears have been overtaken, and, owing to the completeneite of the 
organisation, no hitch or interruption occurred. At the meeting of the 
British Association in Edinburgh very strong representations were made to 
your conmiittee respecting the desirability of establishing additional rain- 
gauge stations in different parts of the Ughlands, and as your committee 
had long been aware of the necessity which existed for these stations, and, 
moreover, as somewhat larger funds than usual were at their disposal, they 
resolved on taking every means in their power to secure the efficient es- 
tablishment of these stations. In addition to ordinary correspondence, our 
secretary took two special steps to secure the most promising distribution 
of the new gauges. In the first place he wrote to Mr. Buchan, the secretary 
to the Scottish Meteorological Society, acquainted him with the assent of the 
committee, and requested him to state what number of gauges he could 
provide good observers for. On receipt of his reply, ten gauges were sent 
to him, which he was kind enough to distribute as follows : — 1. Springfield, 
Tain, Ross; 2. Kilmalcolm, Port Glasgow; 3. Arrochar, Loch Long; 
4. Strahane, Brodick, Arran ; 5. Strathfillan, Perthshire ; 6. Samrose, Arran ; 
7. KUchoman, Islay; 8. Port Charlotte, Islay; 9. Port Ellen, Islay; 
10. Glenham Abbey, Mull of Cantire.** 

Fiywerful Galvanic Battery, — Mr. Highton described, at the British Asso- 
ciation in Brighton, a new form of battery capable of giving powerful 
effects without fumes or other inconveniences. Negative : Carbon packed 
in a porous cell, with sulphur, peroxide of manganese, and granulated 
carbon, filled up with dilute sulphuric acid ; Positive : zinc in a solution of 
caustic potash or soda. The potential is nearly fifty per cent, higher than 
Groves. One cell will abstract magnesium from its salts. 



ZOOLOGY AND COMPARATIVE ANATOMY. 

Suppoted New Marine Animal.-^At the British Association Meeting, Dr. 
Sdater, F.R.S., exhibited specimens of bodies having the general external 
tUmkge and appeannoe of long, thin, tapering, white willow wands, which he 
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bad K<^Ted bom CHpUin David Held, of the HndtoD's Baj C:>m[i*ii;'* 
MTvice, with the infonnatioii Uiftt thej had been btou^ht hy that CotD- 
pmj'a TesseU from Bammd's Ijilet, Washington tenitory, North-W««t 
America. The captain who licought them itated that thej wei« the back* 
boaee of a gelatinous Bib, ebnped like a coDger-eel, veij commoa io that 
inlet, which awam about in Bhoab with the dog-fish ; that in tho liTin^ 
animal the backbones w^re also iransparent like the lest of the animal, but 
became osdfied when dned on the beach. Dr. Graj, of the British Ua- 
eeum, recently described these rods at the axia of a pennatulide animal, and 
referred it to his genus (hitoeiBa nnder the name O. itpUMrvMoli*; but 
Dr. Sclater, supposing the facta ropptied him to he correct, coDudered the 
" locU " to be the os^fi«d not«cho»lB of some low organiwd fiah, with tha 
skeleton wholly caitila^jinoiis, partiallj b«luDging to the lampreys or to the 
chinceroid group. 

A new AmoUc Bhinoetrm.—Tyr. Sclater, F.li.S., road a paper on a " fiew 
Auatie Rhiuucenw," with remarka on the recent species of the genua. On 
the 14th of Fehmary last, he said, the Zoological Gardens of London re- 
ceived a female two-horned rhinoceros, which had been captured near Oliit- 
lagong four years previously- This animal had been referred to SUitoemi 
SumiUrauis at Cnvier by the author and other writer?, thai heiog the OBij 
epedea of the two^oraed Mction of rhinoceroa hitherto ivoogoitBi hf 
natutalista. The acquislion of a female of the veritable SAmooen* St- 
malrmtu from Malacca had enabled the author, after compaiiaon, to conclad* 
that the first-mentioned specimen belonged to a diRVrent spedee, whidi ha 
proposed to call Rhmocerot laaotu, on account of its most obrioua external 
peculiarity brang the long hairs which fringe the ean. The ezifiting BDm- 
her of rhinoceros certainly known he considered to be ai, of whidi four 
belonged to the Asiatic gioup and two to the African group. 

BhtrniuOiim in Whaht. — Prolesair Struthers mode a eommonication to 
the British Aaaociatimi on the sternum and peine bones in the right wfaab 
and in great fin whales, showing great variations in fbira, even in differvnl 
spedea. He mentioned a curious circumstance in the osteology of whale*, 
TiK., that theee animals are rerr liable to rheumatism. lie had, he aaid, 
secu many examples of rheuniatic ostitis in whales of diflurent kind& It 
had hecn said that animola weire not sutject to disease until they w«ra 
brought ioEo connectiun with man ; but the fact he had mentioned txnr 
tradicted the theoiy. It was the more remarkable, seeing that wbaleewere 
leas liable than man to variations of temperature ; and the cold water cun 
(as a witty friend had observed) did not seem to he efficadous in the cui« of 
the disease in questton. The Professor made a couunmucation atiio on tbt 
occurrence of finger-muscles in the bottle-now whale (Hifprrudtm bulau). 
A dissection of the fin of a whole of this speaes (a male 20 feet in length) 
was exhibited, showing the presence of finger-muscles eoircspooding bi 
those in mnn, and also (according to the Ptofeeeor) the Incvps miiicie tn»i- 
ferred from the Kcapula to the head of the humerus. A piece of the gum 
of the lower jaw was Itkfwise shown, in which n conctultMl toulh mm 
sunk about half su inch below the eurfaca. lie asked what eottU be the use «f 
teeth in such a powtion I" He could only infer, from the existence of nscb 
rudimentsry structures, that the animal was descended from a epocim po^ 
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aessing functional teetb. Professor Flower attributed the great yaiiations 
in the pelvic bones and the stemuin of the whale to their rudimentary 
character. 

Sir John Lubbock^s Tanie Wanp. — Sir J. Lubbock exhibited a tame wasp 
which he had brought with him from the Pyrenees, and which had been in 
his possession for about three months. The wasp was of a social kind, and he 
took it in its nest formed of twenty-seven cells, in which there were fifteen 
eggs ; and, had the wasp been allowed to remain there, by thb time there 
would have been quite n little colony of wasps. None of the eggs, how- 
ever, came to maturity, nnd the wnsp had laid no eggs since it had been in 
his possession. The wasp was now quite tame, though at first it was rather 
too ready with its sting. It now ate sugar from his hand and allowed him 
to stroke it. The wasp had every appearance of health and happiness; 
nnd, although it enjoyed an outing occasionally, it readily returned to its 
bottles, which it seemed to regard as a home. This was the first tame wasp 
kept by itself he had ever heard of. 

Normal and Abnormal Growth of Lymna^its, — Professor Carl Semper 
read a paper at the British Association, in which he stated that numerous 
experiments made during the last few years have shown that, by separating 
individuals of the same generation, and by rearing them under the same 
conditions, the separated individuals grow more rapidly than those remain- 
ing and reared in company together. Through these experiments it became 
possible to draw certain curves of growth which show that, under the most 
favourable conditions, the growth may be divided into three distinct phases 
— the first being of slow growth, the second of very rapid, and the third of 
a very slow one again. The fact, that isolated individuals brought up under 
the same conditions — namely, the same quantities of water, the same surplus 
of food in the same temperature and isolation — acquire a greater length in the 
same time than those brought up in numbers together under the same con- 
ditions, is not a new one. But the explanation given, for instance in the 
case of fresh-water fishes, that this difference of growth depended entirely 
on the influence of the greater or lesser quantity of food, may be correct for 
the fishes, but is entirely wrong for the lynmoeus. It is neither the quanti^ 
or quality of food, nor temperature, carbonate of lime, or other known influ- 
ences, which determine the growth of the animal. From known experi- 
ments, it may be inferred that there will be found, in pursuing these 
investigations, that there may exist in the water a substance, the presence 
of which, at a certain low percentage, will determine the growth of the 
animal. This substance, which probably will be choloride of calcium, will 
act in the organism like the oil does in the steam-engine, viz. without its 
being there the animal will be unable to digest its food, while, being there 
in an almost imperceptible quantity, it renders growth possible. Thereby it 
is shown that the forces of molecular activity play an important part in the 
growth and formation of animals and animal tissues. The important part 
of physical science called molecular science must now always be taken into 
consideration in studying the development and growth of animals in 
general. 

The White Coffee-Leaf Minei\ — An American naturalist Las given an inter- 
esting paper on this subject in the " American Naturalist " (June). The 
VOL. XI. — 5?0. XLV. F F 
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habitation of the lanra is a mine, which is made in the leaf by eating out the 
soft green substance (parenchyma) between the upper akin (epidermis) and 
the framework of the leaf, laying the framework bare, but leaying the e^- 
dermis intact, except at the point where (he supposes) the larva enters tiie 
leaf. At this point the wound heals up and forms a lenticular scar twenty- 
five hundrMths of a millimeter in length, and fifteen hundredths of a milli- 
meter in breadth, raised a little above the general surface of the lea£ The 
epidermis which covers the mine becomes rusty brown, sometimes almost 
black in the centre. The excrement (frass) adheres ilregularly to its under 
surface. Sometimes a portion of the under surface of the leaf opposite the 
mine also turns brown. When the eggs are laid in sets, the mines of the 
separate larvee usually become united, and even the mines of two sets may 
be united into one. One mine, fifteen millimeters long and ten millimeters 
broad, contained seven larvae, the scars arranged in two groups of four and 
three respectively. Another scar was near. As many as five mines, all in- 
habited, have been found on one leaf, and even eight mines made by ten 
larvae, though in this case some of the larvae hod escaped. 

The Colour of Fisftes, — A short paper (in French) was read at the British 
Association by M. Georges Poucbet on the mechanism of the changes of 
colour in fishes and Crustacea. The author referred to the fact that fishes 
often change in t2olour according to the colour of the objects by which they 
are surrounded : but he explained that this does not take place when the fi^ 
is deprived of the nerves that preside over the peculiar corpuscles to which 
the colour is due. The change does not take place in blind turbots ; and in 
the seeing turbot, if the nerves are divided which communicate between the 
eye and the skin, the change does not occur. If the fifth nerve is divided, 
the change takes place all over the body except the part to which that nerve 
is distributed. These experiments, M. Pouchet said, show that the change 
of colour is dependent upon impressions received by the nervous system 
through the organs of vision. 
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